

















IT'S WHAT'S INSIDE THAT COUNTS! 


• All HF Band Transceiver / 
General Coverage Receiver 

• Advanced Circuit Designs 

• All Modes Built-in USB. LSB, 
FM, AM, CW, RTTY 

• Superb Frequency Stability 

• Continuous Duty Operation 

• Crystal Clear Signal Quality 

Midsize Masterpiece! The de¬ 
luxe IC-75IA includes more high per¬ 
formance features and professional 
circuitry per cubic inch than any 
other HF transceiver. Its smooth-as- 
silk operation and long-term reliabili¬ 
ty produce the ideal contesting. 

DX’ing, mobiling and portable rig. 
Owning an IC-75IA truly means 
"Going First Class!” 

Unsurpassed Quality and 
Reliability. Quality and Reliability is 
important to you and it’s important 
to ICOM. ICOM now covers you and 
your investment with its exclusive 
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one year warranty. There's more! 
The IC-75IAS receiver boasts l05dB 
dynamic range for superb listening 
The 100% duty cycle transmitter 
defies abuse and delivers 100 watts 
of exceptionally stable and clean RF 
output. Reliability Quality. One 
year warranty. That's ICOM. 

All Bands, All Modes Included. 
Operates 160 through 10 meters, it's 
easily modified for MARS operation, 
plus it includes general coverage re¬ 
ception from 100kHz to 30MHz. No 
compromise, no comparison! 

32 Tunable Memories. Store 
both frequency and mode informa¬ 
tion. Use them to quick-access your 
favorite spots or as 32 preferred fre¬ 
quency-remembering VFOs. 


A Modern Amateur's Delight! 
Special attractions include an elec¬ 
tronic keyer. semi or full break-in 
rated to 40 WPM. panel selectable 
500HZ/FL-32A CW filter, and volume 
control-tracking sidetone. SSB trans¬ 
missions are enhanced with an RF 
speech processor and tone control to 
produce sparkling clear audio. PLUS 
there's a new rubberized tuning 
knob for velvet-smooth tuning and a 
full line of accessories and filters. 

RF Power Control. Varies output 
independent of mic gain, ALC and 
speech processor action. Enjoy 
maximum "talk power” at any drive 
level! 

To see the IC-75IA. contact your 
local ICOM dealer. 



First in Communications 


ICOM America. Inc.. 2380-116th Ave NE. Bellevue, WA 98004 Customer Service Hotline (20«) 454-7619 
3150 Premier Drive. Suite 126. Irving, TX 75063 / 1777 Phoenix Parkway, Suite^20 1 . Atlanta. GA 30349 
ICOM CANADA. A Division of ICOM America. Inc.. 3071 - #5 Road, Unit 9. Richmond. B C V6X c.T4 Canada 

in rhmnam yuithn.il nntic*» or obligation All ICOM radios sranificantlv exceed FCC regulations limiting spurious emissions 751A187 








Get It /t Together With 

K AM 



Kantronics All Mode 


KAM gives you CW, RTTY, ASCII , AMTOR, HF and VHF 
PACKET all together in one unit. 


KAM's FEATURES 


We combined the features of 
our UTU-XT and KPC-2 to give 
you the true all mode unit you've 
been asking for, the Kantronics AH 
Mode (KAM™). 

KAM features bargraph tuning 
and user programmable MARK 
and SPACE tones for RTTY and 
HF packet, as well as limiter/ 
limiterless operation on HF for 
weak signal operation. 

KAM's CW demodulator is also 
programmable for both center 
frequency and bandwidth. 

KAM’s RS-232/TTL terminal 
interfacing provides universal 
compatibility to all computers, 
including Commodores and PC 
compatibles. 

If you're looking for increased 
sensititivity and the greatest 
amount of flexibility in an 
all mode unit, look to Kantronics. 
We've got it all together in the 
Kantronics All Mode. 

Suggested Retail $319.00 


• Transmit and receive CW 6 99. 
RTTY/ASCII 45 300 baud. ARQ, FEC. 
SELFEC. Listen ARQ, VHF and HF Packet 

• HF and VHF radio ports. 

• Command driven by your computer with 
over 100 software commands. 

• User programmable baud rates for RTTY/ 
ASCII selectable in one-baud increments. 

• User programmable MARK and SPACE 
tones on HF. you choose the tones. 

• Selective RTTY Autostart operation. 

• Separate CW demodulator filter with pro 
grammable center frequency and bandwidth. 


• Separate CW keying relay for positive or 
negative keying. 

• 12-pole programmable switched capac 
itance input filtering. 

• Quartz synthesized AFSK or direct FSK 
operation. 

• RS-232 or TTL level operation by jumper 
selection 

• 16K RAM (expandable to 32K), 256K 
EPROM, EEPROM for parameter storage 

• Compatible with any computer having an 
asynchronous serial I/O port 

• FCC Part 15 compliant 




EXTRA 


SPECIAL 
FEATURES 


★ Simultaneous HF and VHF 
Packet connects & digipeating. 

★ HF/VHF Gateway operation. 


Kantronics 

RF Data Communications Specialists 
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Here’s One for You! 


TM-221A/421A 



Optional Accessories: 

RC-io Multi hint ii ‘' .ti 

PG-4G f xtM ■ nit I ,iti!t• ill- w. TM . : 1A 
1A lull duplex PS-50/PS-430 

DC power supplies * TSU-S 
SW-100A 

SW-100B 

' SW-200A iWB 

I iw**» ' 1 i',i i MH/I SW-200B SWR t tw 

MMtti't 114' Mil- SWT-1 Mip.i. t . ’it 


2 m and 70 cm FM compact 
mobile transceivers 

The all-new TM-221A and TM-421A 
FM transceivers represent the “New 
Generation" in Amateur radio equip¬ 
ment. The superior Kenwood GaAs 
FET front end receiver; reliable and 
clean RF amplifier circuits, and new 
features all add up to an outstand¬ 
ing value for mobile FM stations! 

The optional RC-10 handset/control 
unit is an exciting new accessory 
that will increase your mobile 
operating enjoyment! 

• TM-221A provides 45 W TM-421A 
is the first 35 W 70 cm mobile 1 
Both models have adjustable 5 W 
low power. 

• Selectable frequency steps 
lor quick and 
easy QSY. 


• 14 full-function memory channels 
store frequency, repeater offset, 
sub tone frequencies, and repeater 
reverse information Repeater offset 
on 2 m is automatically selected. 
There are two channels lor “odd 
spill" operation 

• Programmable band scanning. 

• Memory scan with memory 
channel lock-out. 

• Super compact: 

approx. 1 1/?"Hxfvl/?"Wx 7" D. 

• New amber LCD display. 

• Microphone test function on low 
power. 

• High quality, top-mounted speaker 

• Rugged die-cast chassis and 
heat sink 


RC-10 Remote Controller 

Optional telephone-style handset 
remote controller RC-10 is specially 
designed lor mobile convenience 
and safety. All Iron! panel controls 
(except DC power and RF output 
selection) are controllable from the 
RC 10. One RC-10 can be attached 
to either or both TM-221A and 
TM-421A with the optional PG-4G 
cable When both transceivers are 
connected to the RC 10, cross 
band, full duplex repeater opera 
lion is possible. (A control operator 
is needed for repeater 
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• TM 221A receives from 138- 
173 995 MHz. This includes the 
weather channels! Transmit range 
is 144 148 MHz Modifiable for MARS 
and CAP operation (MARS or CAP 
permit required.) 

• The TM-421A covers 438-449.995 
MHz. iSpealicaliona guaranteed tor Amateur 
twnu use only t 

• Built-in front panel selection of 38 
CTCSS lones TSU 5 programmable 
decoder optional. 

• Simplified front panel controls 
makes operating a snap 1 

• 16 key OTMF hand mic . mic hook, 
mounting bracket, and DC power 
cable included 

• Packet rar io compatible! 

• Kenwood non-volatile operating 
system All functions remain intact 

even when lithium battery 
back up fails. (Lithium cell 
memory back up 
est life 5 yrs.) 


KENWOOD 

TRIO-KENWOOD COMMUNICATIONS 
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novice enhancement and the 220 MHz band: 


the FCC giveth... 

Novices are back on phone — for the first time since the 1960s — as this issue of ham radio arrives in your mailbox. In its 
Report and Order of Novice Enhancement (effective March 21,1987), the FCC expanded the Novice IO meter allocation to 28.5 
M Hz and awarded new VH F / U H F allocations at 1 -1 /4 meters and 23 centimeters. Phone operation is now permitted on all three 
bands. 

In brief, on 10 meters Novices (and Techs, who share Novice low band privileges) may now use digital (FI B) as well as CW from 
28.1 to 28.3 MHz, plus CW and SSB from 28.3 to 28.5 MHz. The power limit remains200 watts. On 1-1 /4 meters, they're author¬ 
ized all modes from 222.1 to 223.91 MHz, with a 25-watt power limit. On 23 centimeters, the Novice band is 1270-1295 MHz (all 
modes), but with only 5 watts. 

There's one important limitation: while Novices will be permitted to use repeaters, they won't be permitted to be repeater con¬ 
trol operators or trustees. Note: contrary to a widely circulated but erroneous interpretation of the new rules. Novices' signals 
may be repeated outside the Novice subbands, just as Techs' signals can be repeated on 10-meter cross-linked repeaters or through 
the satellites. This means that Novices will be able to communicate directly with higher class Amateurs on the other VHF/UIHF 
bands through cross-linked repeaters. 

They'll have to pass a more difficult exam, however. Instead of 20 questions, they'll face 30 — with the additional ten testing 
knowledge relevant to the new privileges. 

So what's this going to mean for Amateur Radio? First, it means there are now80,000+ Amateurs with phone and digital privileges 
on 10 meters and first-time access to all modes on VHF and UHF. Despite the diminished sunspot cycle activity, 10-meter opera¬ 
tions should see a big boost. At its worst, 10 generally shows some life — and greatly increased activity on a "dead” band often 
confirms that its not really dead, but only lacking users! One-and-a-quarter meters should benefit at least as much as 10 — with 
equipment costs and performance about the same as 2 meters, and a well-established repeater system in place, this band could 
even become as busy as 2 meters! One unknown is just how well the newcomers will be received; the message is mixed on this, 
with some repeater groups already planning cross-band links to further expand Novice horizons, while others vow they’ll install 
elaborate coding systems to keep Novices off their machines — or even shut their repeaters down entirely. 

Twenty-three centimeters will also see some increase in activity, with good quality commercial equipment available from several 
suppliers. However, costs are high and activity low, so the effects here are not likely to be nearly as extensive. 

What new Novice privileges will mean to the Amateur Radio service is yet to be determined. Though enhancement doesn't 
make the Novice a no-code entry-level license, it does radically augment its benefits by the addition of phone privileges. If this 
results in a big boost in newcomers, it may temper enthusiasm for a code-free license — perhapsthe perceived problem with the 
Novice license hasn't been its requirement for 5 wpm code capability, but rather that its only former benefit was to permit the holder 
to work CW (and CW is work when you're new at it). 

One thing enhancement seems sure to do is increase activity among present Novices, and that's good for Amateur Radio. The 
dropout level for Novices has always been unacceptably high, but the new phone privileges should substantially change that. 
Why? Because Novices will find both their investment (in new equipment) and return on that investment (fun) increasing to the 
point where they'll not only be unwilling to let their licenses expire, but will be stimulated to upgrade. All things considered, then, 
enhancement appears to be a big plus for Amateur Radio. 

Before we become too euphoric, however, let's consider this: 

...and the FCC taketh away! 

Excitement over Novice enhancement was still growing — in fact, the news was still being spread — when the FCC dropped 
the other shoe... squarely on 220 MHz. In a Notice of Proposed Rule Making dated just two days after the Report and 
Order on Novice Enhancement, the Commission proposed reallocating 220-222 MHz to land mobile service use only! 

As justification, the FCC cites "light loading" of the band in comparison to 2 meters, using AR R L's Repeater Directory listings 
as evidence. Even assuming this "evidence" is accurate (which it isn't, since the220-MHz band supports many control links and 
a large, dynamic, and growing number of packet and other data communication users who've come to 220 MHz because 2 meters 
couldn't accomodate them), it's obvious the Commission's right hand doesn't know what its left is doing! You don't give 80,000 
new users access to a finite band of frequencies, then cut that band by 40 percent! It's worth noting, at this point, that this proposal 
did not come from the FCC's Personal Radio Bureau, where Amateur Radio and our problems are well known and appreciated, 
but from the Office of Engineering and Technology, where they obviously aren't! 

That's not to say this proposal wouldn't have made better sense 10 years ago. Infact, back then it might have even been to our 
advantage. Why? Because, along with taking 220-222 MHz away from Amateurs, the FCC is also proposing removing fixed and 
mobile service allocations from the 222-225 MHz segment and making that portion solely Amateur (though shared 

(continued on page 50) 
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1 Optional front panel-selectable 
38 tone CTCSS encoder 
1 Frequency range 142- 
149 MHz (modifiable to 
cover 141-151 MHz) 

> High performance receiver with 
GaAs FET front end 
• VS-1 voice synthesizer option 
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Compton, California 90220 

( omjileic service manuals am available lot all Ino Kenwood transceivers ana most accessories 
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TR-851A 

70 cm SSB/CW/FM transceiver 

The same winning features are yours 
on 70 cm with the TR-851A 1 

• Covers 430 439 999 MHz 

• 25 W high power/5 W adjustable low 

• MC-43S UP/DWN mic. and mic 
hook included 




























































a question of goals 

Dear HR: 

When we read about the [ARRL] 
Board's approval in principle of a new 
Amateur Radio museum ("It Seems to 
Us," QST, October, 1986), we thought 
it was a nice idea. 

Then we read an editorial by Craig 
Clark, N1ACH, in ham radio ("Reflec¬ 
tions," October, 1986) and kicked our¬ 
selves for not thinking about this issue 
more carefully. 

Craig pointed out, we think correct¬ 
ly, that the project will consume enor¬ 
mous amounts of time, energy, and 
money. In light of the Board's ambi¬ 
tious goals, set in 1984, to recruit new 
hams and ARRL members, it just 
doesn't make sense to divert our focus 
to an equally ambitious undertaking — 
one that probably will not increase the 
number of new licensees significantly. 

We're all for keeping HQ and W1 AW 
in good shape, but how many of us get 
a chance to visit Newington? Will a 
museum in Connecticut inspire non¬ 
hams across the nation to get a 
license? Wouldn't it be better to raise 
and spend $2.7 million on recruiting 
new hams? 

For that kind of money we could 
buy, stock, staff and operate several 
mobile displays which could present 
ham radio exhibitions and give license 
exams at schools, museums, fairs, 
clubs, and shopping centers through¬ 
out the country. Let's take Amateur 
Radio to the people instead of expect¬ 
ing them to come to us. 

We urge all League members to read 
Craig's editorial and convey their feel¬ 
ings to their Division Directors immedi¬ 
ately. This important issue should be 


thoroughly debated by the mem¬ 
bership. 

Dick Green, KA1LBW, 
and Mike McAmis, WA3ECT 
Etna, New Hampshire 03750 

low-band operation 

Dear HR: 

K2RR's articles in the May and June 
issues ["Secrets of Successful Low- 
Band Operation," pages 16 and 17, 
respectively] prompt me to dash off a 
few lines on that subject. 

Let me preface my remarks by set¬ 
ting the time frame and locations for 
my experiences on 80 and 40 meters. 
In the years 1956 through 1966, I was 
fortunate to operate from three loca¬ 
tions in Europe and two in North 
Africa. 

I will do my best to recall a few of 
the QSOs and without reference to the 
old log books, which are not now at 
hand. 

October, 1958 saw me in North Afri¬ 
ca on 40 meters (though on a few oc¬ 
casions, I did get down on 80 meters). 
One memorable QSO was with the late 
Jim Mills, ZL2BE. Jim ran several big 
rhombics, and knew that I could "bor¬ 
row" some even bigger one? from the 
military. Well, to make a long story 
short, we had a QSO or two, using 
long path, short path, and probing the 
other paths as well. Hams at both ends 
of the circuit were somewhat amazed 
to hear us on what they considered a 
dead band. Needless to say, I have 
fond memories of QSOs like that, so 
many years ago. No one is more 
pleased than me to see the tremen¬ 
dous strides that have been made in 
the design of antennas and equipment 
in recent years. 

Now, let me jump ahead to the 
1960s and recount a few experiences 
on 80 meters. On 80, most any eve¬ 
ning, I would be working other Euro¬ 
peans. We, of course, were in dark¬ 
ness, but the east coast of the U.S. 
was still in daylight. As the evening 
wore on, out of the noise would come 
the signal of, say, W1FRR (now 


W1FC). Fred would say, "Hey, War¬ 
ren, I've been calling you for an hour 
now. Didn't you hear me?" 

My retort: "No, Freddie, not a peep 
until just now." 

One-way skip? Perhaps so, but how 
do you explain it? Was my signal go¬ 
ing to the "F" layer, bouncing off the 
Atlantic in mid-path, then traveling in 
the "E" layer and then down to Fred? 
Theory has it that since my "E" layer 
had dissipated, and Fred's had not, the 
early evening path employed both "F" 
and "E" layer from east to west, or 
dark to daylight. 

Now, let's see what we can do to 
explain the bending, or azimuthal 
divergence of radio signals. With the 
advent of large, directive arrays on 
the ham bands. Amateurs are ex¬ 
periencing what the commercial sta¬ 
tions knew decades ago. Let me give 
you an example: a commercial point- 
to-point station in Slough, England, 
ran daily traffic with a similar station 
in Capetown, South Africa. The path 
between them was normally North- 
South, as you would expect. But on 
some occasions, both stations would 
have to slew their antenna arrays to a 
point off South America. I don't recall 
when this situation was first observed, 
nor do I remember when I read about 
it, but suffice it to say that it was not 
in recent times. By the way, this effect 
has occurred on numerous occasions 
over the past several years. 

How do you explain this bending 
thing? Well, far more knowledgable 
persons than I have explained it this 
way: bending can take place when the 
layer is spherically stratified. What 
makes this bending different from 
backscatter or side-scatter is that the 
signal is not diluted or fragmented, as 
it may be in a scattered signal. 

I have many other thoughts on low- 
band DXing, but will save those for an¬ 
other time. 

Kudos on your fine magazine and 
the folks who make it all happen. 

Warren Lufkin, W0SII 
Cheyenne, Wyoming 82001 
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220: Kenwood Style! 

A • Big multi-color LCD and back-lit con- • Frequency lock switch 

“ Ov3 vJ/\ trols * or exce, l en * visibility • Digital Channel Link (DCL) option 

High pertormance GaAs FET front 
end receiver 


The first comprehensive 
220 MHz FM transceiver 

TM-3530A—25 watts of 220 MHz FM- 
Kenwood style! Features include 
built-in 7-digit telephone number 
memory, auto dialer, direct frequency 
entry and big LCD. All this makes the 
TM-3530A the most sophisticated 
rig on 220 MHz! 

• First mobile transceiver with tele¬ 
phone number memory and auto- 
dialer (up to 15 seven-digit telephone 
numbers) 

• Frequency range 220-225 MHz 

• Automatic repeater offset selection- 
a Kenwood exclusive! 

• Direct keyboard entry of frequency 

• 23-channel memory for offset, fre¬ 
quency and sub-tone 


> Big multi-color LCD and back lit con¬ 
trols for excellent visibility 
• Optional front panel programmable 38- 
tone CTCSS encoder includes 97.4 Hz 

TH-31BT/31A 

Kenwood’s advanced tech¬ 
nology brings you a new 

standard in pocket/handheld 

transceivers! 

• 1 watl high, 150 mW low 

• Super compact and lightweight 
(about 8 oz. with PB 21!) 

• Frequency range 220-224.995 MHz 
in 5-kHz steps 

• BT Series has built-in tone 

• Repeater offset 16 MHz. reverse, 
simplex 

• Supplied accessories: rubber Ilex 
antenna, earphone, wall charger. 180 
mAH NiCd battery and wrist strap 

• Quick change, locking battery case 


TH-31BT/31A optional accessories 

• HMC-1 headset with VOX 

• SMC-30 speaker microphone 

• PB-21 NiCd 180 mAH battery 

• PB-21H NiCd 500 mAH battery 

• DC-21 DC-DCconverterlor 
mobile use 

• BT-2 manganese/alkaline battery 
case 

• EB-2 external C manganese/ 
alkaline battery case 

• SC-8/8T soft cases with bell hook 

• TU-6 programmable sub tone unit 

• AJ-3 thread-loc to BNC female 
adapter 

• BC-6 2-pack quick charger 

• BC-2 wall charger lor PB 21H 

• RA-9A StubbyDuk antenna 

• BH-3 belt hook 



r 
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• 16-key DTMF pad, with audible 
monitor 

• Center-stop tuning- another 
Kenwood exclusive! 

• New 5-way adjustable mounting 
system 

• Unique offset microphone connector 
-relieves stress on microphone cord 

• HI/LOW power switch (adjustable 
LOW power) 






TM-3530A optional accessories: 

• TU-7 38 tone CTCSS encoder 

• MU-1 DCL modem unit 

• VS-1 voice synthesizer 
PG-2N extra DC able 

• PG-3B DC line noise filter 

• MB-10 extra mobile bracket 

• CD-10 call sign display 

• PS-430 DC power supply 


JH 31ST with OtMf pad shown 
Option,ii HA 9A attached 


« MC-60A/MC-80/MC-85 desk miCS 
MC-48B > xtra DTMF mic. with UP/DOWN switch 
MC-43S UP/DOWN mic 

• MC-55 i8 pin) mobile mic with time-out timer 

• SP-40 ompact mobile speaker 

• SP-50B mobile speaker 

• SW-200B SWR/power meter 

• SW-100B compact SWR/power meter 
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real coax: 

impedance and phase relationships 


The device between 
the transmitter and antenna 
deserves better treatment 


K2BT, author of the definitive series on phased verticals', examines 
in his own precise manner the extremely important and often neglect¬ 
ed component that gets your signal from here to there. — Ed. 


We all know that when using coaxial cable at 

radio frequencies, it may have a significant loss which 
must be considered. It's quite clear that a cable hav¬ 
ing a loss of 3 dB/100 feet at 30 MHz will deliver only 
half the available power to the antenna if we need to 
use 100 feet. But how many of us are aware that 
there's a further loss if the load is mismatched to the 
line? Or that a lossy coax can make a badly matched 
antenna look good in the shack? In fact, it's possible 
for a quite low-loss cable, if long enough, to indicate 
a 1:1 SWR at its input even though the output is open- 
circuited! And though coax losses at lower frequen¬ 
cies ordinarily can be neglected, as the SWR goes 
much above 5:1 we still can sustain a non-trivial loss 
and a different input impedance than we might have 
expected due to the high mismatch. (Incidentally, ad¬ 
ditional loss due to load mismatch can occur with any 
lossy circuit, not just coax.) 

Those of you who've seen graphs of additional loss 
attributable to SWR may have wondered, as I did, just 
how this loss was calculated. These effects may be 
appreciated in a general way, but we might be hard 
pressed to attach numbers to some of these situa¬ 
tions. The mathematical formulations dealing with this 
subject, strewn with Greek letters and unfamiliar tri¬ 
gonometric symbols, give the appearance of such for- 
midability that we are dissuaded from looking any 


further. And so we often approach the problem "as¬ 
suming the lossless case...", knowing this is not reality 
but hoping we haven't missed it by much. 

The purpose of this article is to help with such 
assessments and to place some of the calculations into 
a simplified and standardized format for ease of 
programming computers and calculators. 

common approach: interpolation 

Trying to assign loss at a given frequency when the 
ratings are given at other frequencies is the first prob¬ 
lem we encounter. Most cable manufacturers publish 
loss figures at various frequencies — for example: 1, 
10, 50, 100 MHz and so on, which are called attenua¬ 
tion constants and defined as the loss in decibels per 
100 feet with a matched load. But if the operating fre¬ 
quency is 21 MHz, what now? We can "eyeball" in¬ 
terpolate, but it turns out we can do it to a high degree 
of precision using the manufacturer's ratings. 

definitions 

Before proceeding, we must come to some general 
understanding: 

1. A transmission line is a uniform system consist¬ 
ing of two parallel conductors. "Uniform" means that 
the materials and geometry of the line and its sur¬ 
rounding medium remain constant throughout the 
length of the line. This applies whether the line is par¬ 
allel wire, coaxial, stripline, or other configuration. This 
understanding about uniformity also applies to the 
electrical circuit coefficients that result from the materi¬ 
als chosen for this line. 

2. The currents in the line conductors flow only in 
the direction of the line. It may seem redundant to 
state this in discussing distributed circuit transmission 
lines. However, under certain conditions some or all 
of the current may propagate around the conductors 
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instead of along them. Such transmissions are known 
as “waveguide modes" and are not explainable by 
distributed circuit theory. For lines with conductor 
separations that do not exceed a few inches, these 
waveguide modes are not supported except at fre¬ 
quencies in the very high GHz range. However, al¬ 
though these modes do not propagate any appreciable 
distance at the frequencies we are interested in, they 
are excited by any discontinuities in the line, whether 
caused by too sharp twists or bends or abrupt physi¬ 
cal terminations of the line. These excitations die out 
quickly from their point of origin, traveling a distance 
no greater than a few times the conductor separation 
of the line. However, they are responsible for anom¬ 
alous behavior that occurs in the vicinity of such dis¬ 
continuities. 

For now, so that "discontinuities” are not simply 
read as being only characteristic impedance variations, 
it should be clearly understood these are physical dis¬ 
continuities. For example, the junction of an RG-8 line 
with an RG-174 line (two lines with the same charac¬ 
teristic impedance but very different physical dimen¬ 
sions) is such a discontinuity. 

3. The frequency range of interest is generally 1 MHz 
to 1 GHz, a range more than sufficient for most Ama¬ 
teur Radio interest. Although coaxial transmission lines 
are used above and below this range, the equations 
presented in this article must be used with more 
knowledge about certain specific characteristics of the 
line. For example, as the frequency is reduced below 
2 MHz, the characteristic impedance of the coax will 
have an increasingly significant reactive component. 
This may not be a show-stopper, but including that 
component in calculations will improve accuracy. As 
frequency is progressively lowered (less than 100 kHz), 
not only will we see a more reactive characteristic im¬ 
pedance, but the resistive component will rise — slow¬ 
ly at first — and then more rapidly. As we go above 
1 GHz, losses at some point may rise disproportion¬ 
ately and unpredictably because of various problems 
such as insufficient braid coverage in flexible line 
allowing power loss by radiation. Waveguide mode 
anomalies — for example, those due to distortions 
caused by having been bent around too small a radius 
— also become more troublesome at these frequen¬ 
cies because the excited modes are operating over 
what are now larger fractions of wavelengths. 

4. All discussion and equations assume steady-state 
conditions and no active elements. 

ABCD network parameters 

In a previous article discussing design of drive net¬ 
works for phased vertical arrays, 1 I presented material 
on the ABCD network matrix parameters. ABCD 
matrix algebra was devised for the purpose of simplify¬ 
ing calculations of input/output impedances, current, 


and voltage for four-terminal networks and for facilitat¬ 
ing cascaded calculations when chaining networks. 
The parameters are defined in such a manner that 
whether a passive network is a length of coax, a Pi 
or T circuit, or anything else, so long as the parameters 
are identical — regardless of the differences in in¬ 
dividual components or hookup — the input/output 
relationships are unchanged at the frequency for which 
the parameters are identical. For the purposes of the 
referenced article, I felt the subject of dealing with real 
coax to be an undue digression even though definitely 
related, particularly for phased arrays at higher fre¬ 
quencies, or even at lower frequencies when driving 
an element through an excessively mismatched line. 
Indeed, it is to fill in that gap that this article was 
written. 

For the lossless case, the ABCD matrix parameters 
for a length of coax are: 

A cos d j Zo sin 6 B 
C j(sin 0)/Zo cos 6 D 
d = Electrical length (degrees or radians) 

Zo = Characteristic impedance 

In order to account for loss, these parameters must 
be defined differently. We arrive at them and can go 
back to the lossless case simply by substituting zero 
for the loss terms. 

A cosh m Zo sinh T£ B 
C (sinh rZ)/Zo cosh D 
T = (a + j/3) Propagation constant 

l = Physical length 

Zo = Characteristic impedance 

At first glance this matrix looks much the same, but 
there are important differences: the familiar circular 
functions (sin, cos) are replaced with hyperbolic func¬ 
tions (sinh, cosh), and a term called the "propagation 
constant" appears for the angle. The propagation Con¬ 
stant combines loss and length in the form of com¬ 
plex numbers. 


propagation constant 

Engineers refer to many of the coefficients involving 
transmission lines as "constants," a term not well 
chosen considering the inconstancy of some of them 
as frequency is changed. The propagation constant 
consists of two coefficients, the real term a, called the 
attenuation factor, and the complex imaginary term 
13, the phase factor. Both are unit factors — that is, 
they refer to a value per unit length. The calculation 
for any particular section of line implies a specific 
length; if the terms of the propagation constant are 
multiplied by the length in consistent units, whether 
length is in meters or feet will not matter because the 
result is total loss and total angle for that length of 
line. Angular units may be degrees or radians, consis¬ 
tent with the trigonometric functions being used, but 
the unit of loss must be in nepers. 
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attenuation factor a 

American coaxial cable manufacturers typically use 
the decibel as the unit of attenuation, usually rating 
a cable in terms of decibel loss per 100 feet. We'll need 
to convert these loss figures into nepers. Both the 
neper and the decibel are logarithmic functions of the 
ratio of power flowing at two points in a circuit. Their 
mathematical definitions are: 

Decibel = 10 log w (P1/P2) (1A) 

Neper = 0.5 log { (P1/P2) (IB) 

The decibel is based on decimal logarithms while the 
neper uses the natural or Naperian base, 2.71828* •• 
which is usually written as e. Appropriately, neper is 
a Latinized spelling of Napier, in honor of the Scottish 
mathematician who invented logarithms. The neper 
is by far the larger unit; for example, a 2:1 ratio of 
power is expressed as 3.0 decibels but only 0.35 neper. 
More precise conversion factors are: 

1 neper = 8.686 decibels 
1 decibel = 0.1151 neper 

Even the decibel is usually too large to be used "per 
foot" for coax. Consequently, attenuation is quoted 
in decibels per 100 feet. 

Rated loss figures for transmission lines are given 
in large MHz intervals (1, 10, 50, 100, and so on), 
which brings us back to the question of an accurate 
interpolation method for frequencies between them. 
We can produce an empirical interpolation by taking 
advantage of the known loss versus frequency charac¬ 
teristics of cable materials. Over the frequency range 
of interest there are two major loss contributions: loss 
in the conductors and loss in the dielectric material. 
We can say then that the total loss is equal to these 
two components: 

a T = a c + a D ( 2 ) 

From various references we learn that the loss of round 
copper wire due to skin effect varies as the square root 
of the frequency. For any given cable this can be 
stated as: 

a c = msJT ( 3 ) 

where m is a constant for any given cable type. 

The dielectric loss is found to vary directly with fre¬ 
quency: 

a D = nf (4) 

where n is a constant for a given cable depending on 
the insulation used, its thickness, and so on. 

For a first approximation and to the degree that the 
constants m and n remain independent of frequency: 

a T = m \fT + nf (5) 

Using the rated loss a T1 and a T2 at two frequencies f, 


and f 2 for any given cable and these identities for the 
loss components, two simultaneous equations can be 
written. Substituting and solving for m in one equa¬ 
tion and then back-substituting to solve for n we get: 


a T i • f2 - a T2 • fl 
f2 • \ffl - fl -ff2 


( 6 ) 


and 


n 


a T 2 


m • \Ifl 

Jl 


(7) 


Let's test this interpolation method with a real example 
where we know in advance the result we should 
expect: 

Amphenol rated RG-58/A coax: 

0.44 dB/100 feet loss at 1.0 MHz 

1.4 dB/100 feet loss at 10.0 MHz 

3.3 dB/100 feet loss at 50.0 MHz 
Using the loss values for 1.0 MHz and 50.0 MHz and 
solving for the two constants m and n in eqns. 6 and 
7 specific to RG-58/A coax between these fre¬ 
quencies: 

m = 0.435604 and n = 0.004396 
Let's see how well we can predict the manufacturer's 
rating at 10 MHz using these constants in eqn. 5: 
a T = 0.435604 * nAIO +0.004396 • 10 = 1.42 dB 
loss/100 ft. 

The manufacturer gave his ratings to two-digit accur¬ 
acy; we can say we came tolerably close. This inter¬ 
polation method is quite accurate over the span of 
frequencies 1 MHz to 1 GHz when using a 10:1 range 
of rated frequencies. For many applications, even 
larger ranges are acceptable, as the 50:1 ratio of this 
example shows. A word of caution: the constants for 
m and n shown above apply only to RG-58/A. Don't 
try to use the same values for m and n with another 
cable type unless the loss ratings are identical. 

phase factor 0 

Technically the phase factor is defined in angular 
units per unit length, radians per meter in the MKS 
system. Multiplying this value by the total line length 
would give us the angular electrical length. Since fre¬ 
quency modifies this factor, a value independent of 
frequency has been found more useful. Furthermore, 
just as with attenuation, our concern is the line total. 
This more practical ratio is the velocity factor, vf, 
usually given as a decimal fraction or a percentage. 2 
For our purpose it obviates the need to know (5, but 
gives us the means to derive it if required. Velocity 
factor is a ratio of the propagation speed of elec¬ 
tromagnetic waves through the line as compared to 
its speed in a vacuum. This latter velocity is the same 
as the speed of light, designated c, and is equal to 
299.8 x 10 B meters (983.5 x 10 6 feet) per second. If 
we divide either of these values by frequency in Hz, 
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we obtain the free space full wavelength, respective¬ 
ly, in meters or feet. Multiplying this length by the ve¬ 
locity factor of the line, one obtains the full-wave 
electrical length. Since there are 360 degrees or 2 it 
radians in a full wave, we can also state this length 
in angular units. 

A source of much confusion to many Amateurs — 
all the more confusing when electronics profession¬ 
als sometimes thoughtlessly equate them — is the 
difference between angular electrical length and angu¬ 
lar current or voltage phase change. Not helping 
matters are the descriptive terms used — for exam¬ 
ple, "delay line," referring to a phasing line, with 
"delay" implying a time-related factor. There are appli¬ 
cations in which a propagation time delay is truly 
meant (radar, for instance), but usually we mean rela¬ 
tive phase change, which is not time related. (If it 
were, we'd never be able to advance it!) On the other 
hand, electrical length always refers to time; it is de¬ 
termined by the time required for a particular frequen¬ 
cy wave to travel through a medium. For any line, 
phase difference can be varied by changing the ter¬ 
mination impedance, but propagation time is invari¬ 
ant, being related only to the velocity of electromag¬ 
netic waves in the medium. 

As we have seen, propagation time can be defined 
in several ways, all referring to velocity. The most ob¬ 
vious, time itself, is not easily measured directly. The 
more commonly used measuring sticks are wavelength 
and angle. Frequency, velocity, and time are directly 
and unchangeably related for any medium; when a 
piece of transmission line is said to be a quarter- 
wavelength long, this means the propagation time is 
1 /4 of the time required to travel a complete wave¬ 
length at a particular frequency. Since frequency is 
involved and there are 360 degrees in a complete wave 
cycle, we can also state it as the number of degrees 
represented by the time interval. But never confuse 
this angular representation of propagation time with 
the current or voltage phase angle difference that may 
exist between the input and output of this line; they 
have quite different meanings. It's true that if we 
match a line with its characteristic impedance, its an¬ 
gular electrical length will be the same as the phase 
difference, but keep in mind how that coincidence is 
brought about. Antenna elements seldom meet that 
requirement without help; your chances of a coinci¬ 
dence is little better than your chance of being hit by 
a meteor. 

Phase change is the angular difference in the volt¬ 
age or current cycle measured between two points in 
a circuit under steady-state conditions. Furthermore, 
in most instances we are concerned with relative, not 
absolute phase change. Note the word "circuit"; 
phase change may occur in any circuit and can be 
made positive as well as negative in certain circuits. 


An apt analogy for explaining the difference between 
angular phase change and angular propagation time 
is the count of the number of cars of a train between 
two markers along a railway. At the steady-state con¬ 
dition (a continuous line of cars between markers) only 
car length, not the speed of the train, would influence 
the count. Conversely, the time required for a partic¬ 
ular car to pass by both markers — the propagation 
time — owes nothing to the count of cars between 
markers, only to velocity. 

If propagation time has nothing to do with phase 
difference, then why so carefully measure the length 
of these "delay" lines? This stems from a need for a 
specific current or voltage phase difference. In my rail¬ 
way analogy, suppose a particular car count is wanted 
between markers. If the length per unit (degree, radi¬ 
an, or railroad car) can be controlled, then the total 
count can be predetermined. If 90 degrees is the phase 
difference desired and the termination impedance is 
made a pure resistance, then a quarter-wave line — 
that is, a 90-degree line, will produce the required 
phase change. The impedance qualification is abso¬ 
lutely essential, because the nature of the termination 
predetermines, or controls, the phase change. If the 
load isn't a pure resistance, the phase change won't 
be 90 degrees and all the care going into measuring 
the length of this line will be as useful as rearranging 
the deck chairs on the Titanic. For emphasis, let's put 
this another way: it's entirely possible, with certain ter¬ 
mination impedances, for a 70-degree electrical length 
line to have a 90-degree phase difference in current. 

solving complex hyperbolic functions 

There are two approaches to solving complex hyper¬ 
bolic functions: expansion of the complex hyperbolic 
function into functions of real circular and real hyper¬ 
bolic angles, and direct evaluation of the complex ex¬ 
ponents of c. The first method is useful where real 
hyperbolic functions are available in calculators or 
computer programs or from textbook tables. 

Expansion method. 

cosh (a + j 0)Z = cosh aZ • cos f3Z + (8) 

j sinh ctZ • sin QZ 

sinh (a + j 0)Z = sinh aZ • cos 0Z + (9) 

j cosh aZ • sin fiZ 

These relationships expand the complex hyperbolic 
functions into functions of real circular and real hyper¬ 
bolic angles. For every term in the expansion, includ¬ 
ing the j terms, the real function values may now be 
substituted. Compared to direct evaluation, which 
follows, this method offers simplicity of calculation, 
provided real hyperbolic function values are available. 
(You C language aficionados finally may have found 
a use for your hyperbolic functions, which are a stan¬ 
dard component of most C compiler math libraries.) 
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From these expansions, we can get the terms for 
the lossless case for coax calculations. If a is zero, then 
the real hyperbolic sines equal zero and the hyperbolic 
cosines equal one resulting in: 

cosh fa + j 0)Z = cos 0Z (10) 

sinh (a + j 0)1 = j sin 0Z (11) 

This means that the lossless case need not be provid¬ 
ed as a separate calculation in a program. If the loss 
is entered as zero, a program using hyperbolic func¬ 
tions will carry out the calculations correctly. The 
angular units for these calculations had best be radi¬ 
ans. Besides, published tables and computer functions 
for real hyperbolics always use radians for angular 
units. Loss must be in nepers. 

Direct evaluation. For most of us the method using 
complex exponents of e (the Naperian base2.71828* • •) 
offers the better solution because it requires access only 
to real circular functions: 

cosh (a + j m = ±JLj HIM (12) 

and 

sinh (a + j 0)Z = < (a+jm y~ (a+ ^> 1 (13) 

It can be shown that: 

€ al . e j 0Z = e aZ . ( cos fig + j s in 01) (14) 

and 

(e cA . fj 01) [ € Oil . (cos 0Z + J sin 01)] ’ ' 

Note that eqns. 14 and 15 are the rectangular equiva¬ 
lent of the polar vector representation: 

10Z 

and 

e~«« /~0Z 

Either eqns. 14 and 15 or eqns. 16 and 17 may be 
used. Since many scientific calculators have polar/ 
rectangular conversions, eqns. 16 and 17 would be 
a good choice. The problem is now reduced to one 
that can be handled by calculators or computers with 
real circular functions (phase may be in degrees if this 
suits the purpose). Loss must still be in nepers. 

At line 140 of the complex hyperbolic functions, 
note the statement S = 10 a(S/ 20). This is the decibel- 
to-neper conversion. It avoids the use of the irrational 
number e. Instead, it is stated as a fractional exponent 
of 10. Because this equality may not be immediately 
obvious, here is its explanation: 

As stated previously: 

dB = 0.1151 neper = log e VP1/P2 

or e 0.1151 dB = 0P1/P2 

and dB = 10 log 10 P1/P2 


or 10^o = 0P1/P2 

Taking the square root of both sides of this equation: 

10^o = 0P1/P2 

therefore 

1Q d fo = 6 0.1151 dB 

Put it down to the fact I don't like having to remem¬ 
ber and type irrational numbers or odd fractional con¬ 
version factors. (Another of my favorites is PI = 4* 
ATN (1). Let the computer remember PI, and to as 
many places as it can muster!) 

example explains 

I've always found that when learning a new calcu¬ 
lation procedure, nothing breeds confidence like being 
able to duplicate the results of a step-by-step example 
calculation. I've therefore chosen an example which 
highlights some of the surprising things that can 
happen with real coax and a high mismatch. 

The frequency is 14 MHz, using RG-58/A 50-ohm 
coax. The load is 10 - jlO. The electrical length is 2 
wavelengths (4rr radians or 720 degrees); since the ve¬ 
locity factor is 0.66, the physical length is 92.74 feet. 
The load current will be assumed to be 1 + jO amperes. 
Using the interpolation equations and the rated loss 
at 10 and 50 MHz, the loss at 14 MHz is 1.67 dB/100 
ft. For our line length, the loss is 1.55 dB or 0.178 
neper. 

COSH (0.178+ j4 *it) = 1.0159 +j 0 
SINH (0.178-t-j4*jr) =0.1794+j 0 
The ABCD matrix parameters: 

A = 1.0159 + j0 
B = 8.9612+ j0 
C = 0.0035+ j0 
D = 1.0159+j0 
Network calculations: 

AZ L + B = 19.1206 -j 10.1593 
CZ L +D = 1.0517 -j 0.0358 

Z,n = (AZ l + B)/(CZ l + D) = 18.490 -j 9.029 
E, N = I L *(AZ L + B) = 21.652 / -27.983 (degrees) 

Iin = Il*(CZl + D) = 1.052 / - 1,952 (degrees) 

VSWR at load: 5.2:1 
VSWR at input: 2.8:1 
Total power into coax: 20.47 watts 
Power dissipated in load: 10.00 watts 
Total loss: -3.11 dB 10.47 watts 
Normal loss: -1.55dB 4.28 watts 
SWR loss: —1.56 dB 6.19 watts 
Efficiency: 48.8 percent 

The first thing to notice is how this relatively small 
loss of 1.55 dB has given the VSWR as measured at 
the input of the line an optimistic look. The high 
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IN 30 OATS FOR PROMPT REFUND (less shipping) 

• One year unconditional guarantee * Made in USA 

• Add $5 00 each shipping/handling • Cafl or write 
for tree catalog, over 100 products 

More Details? CHECK OFF Page 118 



MFJ ENTERPRISES. INC. 

Box 494, Mississippi State, MS 39762 
^ 194 


MFJ-945C 

$79.95 


Designed for mobile operation! Small, compact 
Takes just a tiny bit o' room in your car SWR/dual 
range wattmeter makes tuning 'ast and easy. Care¬ 
ful placement o'controls and meter makes antenna 
tuning safer while in motion 
Extends your antenna bandwidth so you can op¬ 
erate anywhere In a band with low SWR No need 
to go outside end rsidjust your mobile whip. Low 
SWR also gives you maximum power out 0 * your 
solid state rig—runs cooler 'or longer li'e 
Handles up to 300 watts PEP RF output Has ef¬ 
ficient airwound inductor. lOOOvolt capacitor spac¬ 
ing and rugged aluminum cabinet 8x2x6 inches 
Mobile mounting bracket available 'or $5 00 


TO ORDER OR FOR YOUR NEAREST 
DEALER, CALL TOLL-FREE 

800 - 647-1800 

Can 601-323-5869 In Miss, and outside 
continental USA Telex 53-4590 MFJ STKV 




April 1987 















Simple BASIC program calculates complex hyperbolic functions 

Using the polar form for calculating the complex hyperbolic functions requires surprisingly few BASIC 
statements. It may be instructive to list these, which can be set up as subroutines to be called by the subrou¬ 
tines which are calculating the ABCD matrix values. 

100 'Slnh S»dB total loss, T»total radians; «»jt returned. 

110 FL - 1: GOTO 140 

120 'Cosh S»dB total loss, T«*total radians; s»jt returned. 

130 FL - 0 

140 S - 10* <S/20)s GOSUB 170; S3 « S; T3 ■ T; GOSUB 190 

150 IF FL • 1 THEN S * <S3 - 3) / 2; T « <T3 - T) / 2; RETURN 

160 S - < S3 * S) / 2; T - <T3 * T) / 2: RETURN 

170 'Polar to rectangular; S s Hag.,T«Angle (rad.); s»jt returned. 

160 S2 « S; S= S2 * COS <T>; T « S2 * SIN <T>; RETURN 
190 'Invert l/<s<-jt); s*jt. returned. 

200 U - 1; V * 0 

210 'Divide < u» jt > / < b* jt ) ; a*- J t returned 

220 Y •* < S * S > » (T • T)i S * S / Vi T » T / Y 

230 'Multiply <u»jt) »<m* jt) ; s«-jt returned 

240 W0- < S • U) - < T * V); T = < S * V) ♦ < T * U > ; S = W0; RETURN 

Comments prior to each subroutine indicate the operation performed, parameters to be passed, and 
parameters returned. All calculations are complex. Some of these routines are general purpose functions: 
polar-to-rectangular conversion, inversion, division, and multiplication. 

Adding square root and rectangular-to-polar subroutines would complete a minimum set for handling 
the majority of complex algebra calculations. Though not necessary to the calculations in'this article, they 
follow here: 

300 'Squsrs root.. S'RfiI, T» j Ters; returntd. 

310 'If S returned as 0, Issue yarning. J -term say be sinus or plus. 
320 W0 « SOR < < S «■ SQR <S*S*T*T>>/2) 

330 IF W0-0 THEN T» -SOR <ABS <S));S-0;PRINT "Sign OK J tern?': RETURN 
340 T - T / < 2 * W0) *. S - W0 ; RETURN 
350 ' 

360 'Rect.to Polar. S-Real,T-j Ters. S=Magnltude,T^Radlans returned 
370 PI - 4 * ATN <1) 

380 Y - SOR <S*S»T»T); IF S - 0 THEN 450 
390 W0 - ATN < T / S > 

400 IF S > 0 THEN 440 ELSE IF T > 0 THEN 430 ELSE IF T * 0 THEN 420 

410 T » W0 - PI; GOTO 460 

420 T - PI; GOTO 480 

430 T - W0 ♦ PI; GOTO 480 

440 T - W0; GOTO 480 

450 IF T < 0 THEN 470 ELSE IF T » 0 THEN 480 
460 T - PI / 2; GOTO 480 
470 T - -PI / 2 
480 S - Y; RETURN 

To preserve accuracy, keep calculations in rectangular form as far as practical; avoid multiple polar/rectangu¬ 
lar conversions except as necessary at input or output of data. By convention the variables S and U are 
real, while T and V are the j terms. (In polar/rectangular conversions, S is magnitude and T is the angle.) 
The returned variables are always S and T. 






KENWOOD 

pacesetter in Amateur radio 




KENWOOD 


ENTER 


TM-215A shown 


TRIO -KENWOOD COMMUNICATIONS 

TlUWestWatrtut $.tmel . •)*■■■ . ; ,,, 

Complorr.Calilornia 90?2CI 


WH 


SOI 


v-» 


• Large, easy-to-read multi 


function LCD display with night 


Audible beeper to confirm key 


pad operation. The beeper has a 


unique tone for each key DTMF 


monitor also included 


Supplied accessories: Bell hook 


rubber Ilex anlenna. PB-2 standard 


NiCd battery pack (tor 2 5 W oper 


ation), wall charger, dust caps 


Optional Accessories 


PB 1 12 V. BOO mAH NiCd pack lor 5 W 


output • PB-2 8 4 V. 500 mAH NiCd pack 


(2 5 W output) • PB 3 72 V. 800 mAH 


NiCd pack (15 W output) • PB-4 72 V 


1600 mAH NiCd pack <15 W output) 


BT 5 AA cell manganese/a/kahne Paliery 


case • BC 7 rapid charger lor PB 1. 2. 3. 


hi 4 • BC 8 Compacl battery charger 


SMC 30 speaker microphone • SC 12.13 


This HT 


TH-215A/415A 

Full-featured Hand-held Transceivers 


( '"‘piettf %eivice manuals am available for all Tnu Kenwood transceivers ami mo.\f at fViOrffiS 
Spr i iticdinin', ,ma p ru art* sub/ect to t iianye without notice or oP/ipahon 


LAMP OFFStT/F R.10NFI 


SAVE 


Kenwood brings you the 
greatest hand-held trans¬ 
ceiver ever! More than just 
“big rig performance,” the 
new TH-215A for 2 m and 
TH-415A for 70 cm pack the 
most features and the best 
performance in a handy size. 
And our full line of accesso¬ 
ries will let you go from ham- 
shack to portable to mobile 
with the greatest of ease! 

• Wide receiver frequency range. 
Receives from 141-163 MHz 
Includes the weather channels' 
Transmit from 144 148 MHz. 
Modifiable to cover 141 151 MHz 
(MARS or CAP permit required) 

• TH-415A covers 440- 
449 995 MHz. 

• 5, 2.5, or 1.5 W output, depend¬ 
ing on the power source. Sup¬ 
plied battery pack (PB-2) provides 
2.5 W output Optional NiCd packs 
for extended operation or higher 
RF output available 

• CTCSS encoder built-in. TSU-4 
CTCS5 decoder optional 

• 10 memory channels store any 
ottset . in 100-kHz steps. Each 
memory channel can store Ire 
quency, frequency step, oflset, 
reverse switch position, and 
CTCSS frequency 

• Nine types of scanning! Includ¬ 
ing new “seek scan" and priority 
alert. 

• Intelligent 2-way battery saver 
circuit extends battery life. Two 
battery-saver modes to choose, 
with power save ratio selection 

• Easy memory recall. Simply 
press the channel number' 

• 12 VDC input terminal for direct 
mobile or base station supply 
operation When 12 volts is applied. 
RF output is 5 W' 

• New Twlst-Lok Positive- 
Connect locking battery case. 

• Frequency entry by keyboard 
or UP/DWN keys. 

• Priority alert function. 

• Monitor switch to defeat squelch. 
Used to check the trequency 
when CTCSS encode/decode is 
used or when squelch is on 


SCAN 


soil oases • RA 3, 5 telescoping anten 
nas • RA BB StubbyDuk antenna • TSU-4 
CTCSS decode unit • VB 2530 2m. 25 
W amplifier ■ LH-4 5 leather cases 

• MB 4 mobile brackel • BH 5 swivel mounl 

• PG 2V DC cable • PG 3C c igarette lighier 
cord with tiller 




































1.5 Megawatts at 50 MHz—And More! 
Delivered by ElMAC’s 8973 Power Tetrode 


The versatile super-power 8973 
tetrode is designed for tough, 
on-the-job results under difficult 
circumstances. For CW or long- 
pulse service in plasma heating 
and accelerator applications, 
this rugged Varian EIMAC power 
tube fills your needs. Look at 
these demanding applications 
where the 8973 is operating 
today: 


It takes a sturdy, reliable power 
tube to have on-the-job results 
like these and the 8973 is doing 
it, day after day. 

And this is just the beginning! 

The X-2242, available early in 
1986, will provide 2.5 megawatts 
at 80 MHz and 1.5 megawatts at 
130 MHz. All of this, plus 1.4 


megawatts anode dissipation 
rating. The X-2242 is the same 
size as the 8973. That’s a lot of 
power in a small package! 

For a data sheet and technical 
literature on the 8973, contact 
Varian EIMAC, 301 Industrial 
Way, San Carlos, CA 94070 or 
call (415) 592-1221, TWX 910-376- 
4893. 


User 

Application 

Frequency (MHz) 

Power Output 

Pulse Length 

JET 

ICH" 

25-50 

1.5 MW 

20 seconds 

JT-60 

ICH* 

110-130 

750 kW 

10 seconds 

JFT-2M 

ICH" 

10-40 

1.5 MW 

300 milliseconds 

KFA-Textor 

ICH" 

29-53 

1.5 MW 

3 seconds 


"ICH = Ion cyclotron heating 
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VSWR at the load has caused an additional loss of 1.56 
dB. And even though this line is a multiple of a half¬ 
wave, where we'd normally expect to see the load im¬ 
pedance repeated at its input, it is in fact quite 
different. 

I must emphasize that these effects result from line 
loss. If we could magically produce a lossless line, 
none of these effects would be seen, no matter how 
high the VSWR. For all that, had I chosen a much low 
er loss line, these effects would be drastically reduced. 
Reflected wave power, which would not be lost in a 
lossless line, gets a piece taken out during each 
traverse of the line — just as with forward wave pow¬ 
er. This is the reason for the additional loss due to the 
high VSWR. 

summary 

Real coax, except in the most benign circumstances 
(good load match, very low loss), gives rise to effects 
which can be startlingly different from assumptions 
based on a lossless line. Nor is it entirely a problem 
of efficiency and optimistic VSWR. A case in point 
is the 4-Square vertical phased array, whose reference 
element requires a small part of the total drive power 
(on the order of 5 percent). Because of the high VSWR 
associated with the feedline of this element, the as¬ 
sumption of zero losses (even at 80 meters) results in 
a non trivial error in the calculated input impedance 
of this feeder, leading to a drive current phase error. 
Since good f/b ratio is a vector subtraction of large 
numbers looking for a zero sum, a small error can lead 
to a large f/b ratio change. 

ABCD matrix algebra again demonstrates its versa¬ 
tility and flexibility for four-terminal network calcula¬ 
tions. Except for adding complex hyperbolic functions 
to my computer program, and coax loss interpolation, 
no other changes were necessary. Given the para¬ 
meters, it doesn't matter to the ABCD program what 
sort of network it is calculating. 
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CRYSTAL 

PRODUCTS 



9 MHz CRYSTAL FILTERS 


MOOEL 

Appll- 

cation 

Band 

width 

Poles 

Price 

XF-9A 

SSB 

2 4 kHz 

5 

$53 15 

XF-9B 

SSB 

2 4 kHz 

8 

72 05 

XF-9B-01 

LSB 

2 4 kHz 

8 

95 90 

XF9B02 

USB 

2 4 kHz 

8 

95 90 

XF-9B-10 

SSB 

24 kHz 

10 

125 65 

XF-9C 

AM 

3 75 kHz 

8 

77 40 

XF 9D 

AM 

5 0 kHz 

8 

77 40 

XF-9E 

FM 

12 0 kHz 

8 

77 40 

XF 9M 

CW 

500 Hz 

4 

54 10 

XF-9NB 

CW 

500 Hz 

8 

95 90 

XF-9P 

CW 

250 Hz 

B 

151 20 

XF-910 

IF noise 

15 kHz 

2 

17 15 


10.7 MHz CRYSTAL FILTERS 



WRITE FOR FULL DETAILS OF CRYSTALS AND FILTERS 

Export inquiries Invited Shipping $3 75 


MICROWAVE MODULES EQUIPMENTS 

Use your oxisting HF or 2M rig on other VHF oi UHF bands 

RECEIVE LINEAR 

CONVERTERS TRANSVERTERS 


MMk 

1691-137 

269 95 

MMl 

1296 144G 

369 95 

MMk 

1296 144G 

189 95 

MM* 

1268 144 

289 95 

MMc 

439-ATV 

94 95 

MMl 

432 28(S) 

289 95 

MMc 

432-28(8) 

69 95 

MMl 

HR) 

349 95 

MMc 

144 28(HP) 

74 95 

MMl 

144 28 

189 95 

MMc 

144 28 

54 95 

MMl 

435 28(S) 

299 95 


LINEAR POWER AMPLIFIERS 


2M 



70cm 



MML 

144 30 LS 

144 95 

MMl 

432-30-1 

21995 

MML 

144-50-S 

129 95 

MMl 

432 50 

229 95 

MML 

144 100-S 

224 95 

MMl 

432-100 

^ 439 95 

MML 

144 100LS 

249 95 




MML 

144 200 S 

439 95 



ec 


ANTENNAS 

2M 

10XY-2M $74 9b 

70cm 

70/MBM28 $44 95 

70/MBM48 64 95 

70/MBM88 94 95 

DY20 900 MHz 79 95 


^ 192 


$49 95 
49 95 
59 95 


order loop yagi connector extra 


Send 661 <3 stamps) lor lull details ol all our VHf $ UMf equipments and KVG crystal 
products mmama 

VISA 


Shipping FOB Concord, Mass 



(617)263-2145 
SPECTRUM 
INTERNATIONAL, INC. 

Post Office Box 1084 
cord, M A 01742, U.S.A. 



BASEBALL CAP 


How aboul an attractive BASEBALL style cap 
that has name and call on it II gives a 
launty an when worn at Hamlesls and it is 
a gieat help tor friends who have never 
met to spot names and calls lot easy 
recognition Great loi birthdays, anmver 
saries. special days, whatever occasion 
Hals come in the following colors 
GOLD BLUE RED KELLY GREEN 
Please send call and name 
(maximum 6 letters per line) 

S6 00 


UFBC-81 


WA2SRF 


ham.. 

radio 


..Wr 


BOOKSTORE 

Greenville, NH 
03048 

Please add $3 50 
for shipping -gg. 
and handling 


I D. BADGES 

No ham should be without an I D badge 
It's |ust Ihe thing lor club meetings 
conventions, and gel logelhers, and you have a 
wide choice ol colors Have your name and call en 
gtaveo in eiltier standard or scrip! type on 
one ol these plastic laminated I 0 badges 
Available in Ihe following color combinations 
(badge/letlenng) white/red, wood 
grain/white. blue/white, white/black. 
yellow/blue, red/while, green/while, melallic 
gold/black. metallic silvct/black 
UID Engraved I 0 Badge $2 50 
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Wide Dynamic Range and Low 
Distortion - The Key to Superior 
HF Data Communications 

BER < 1 X 10 5 for S / N = 0 dB 
10 to 1200 Baud 
Linear Phase Filters 


Dynamic Range > 75 dB 
400 to 4000 Hz 
BW Matched to Baud Rate 


ST-8000 HF Modem 


distortion, not sharp-skirted fitters with high phase 
distortion. All signal processing is done at the input 
tone frequency; heterodyning is NOT used. This 
avoids distortion due to frequency conversion or 
introduced by abnormally high or low filter Q's. 
Bandwidths of the input, Mark/Space channels, and 
post-detection filters are all computed and set for 
the baud rate you select, from 10 to 1200 baud. Other 
standard features of the ST-8000 include: 


Real HF radio teleprinter signals exhibit heavy 

fading and distortion, requirements that cannot be 
measured by standard constant amplitude BER and 
distortion test procedures. In designing the ST-8000. 
HAL has gone the extra step beyond traditional test 
and design. Our noise floor is at -65 dBm, not at -30 
dBm as on other units, an extra 35 dB gain margin 
to handle fading. Filters in the ST-8000 are all of 
linear-phase design to give minimum pulse 


FDX or HDX with Echo 
Spectra-Tune and X-Y Display 
Transmitter PTT Relay 
8 or 600 Ohm Audio Output 
Code and Speed Conversion 
Signal Amplitude Squelch 
Receive Clock Recovery 
3.5" High Rack Mounting 


Signal Regeneration 
Variable Threshold Diversity 
RS-232 Remote Control I/O 
100-130/200-250 VAC. 44-440 Hz 
AM or FM Signal Processing 
32 steps of M/S filter BW 
Mark or Space-Only Detection 
Digital Multipath Correction 


8 Programmable Memories 
Set frequencies in 1 Hz steps 
Adjustable Print Squelch 
Phase-continuous TX Tones 
Split or Transceive TX/RX 
CRT Tuning Indicator 
RS-232C, MIL-188C. orTTLData 
8,600, or 10K Audio Input 


Write or call for complete ST-8000 specifications 


HAL Communications Corp. 

Government Products Division 
Post Office Box 365 
Urbana, Illinois 61801 
(217) 367-7373 TWX 910-245-0784 




















simple modifications 
and adjustments 

for the TS-930S 


Minor changes 
let you align without 
test equipment, improve 
performance and reliability 


The Kenwood TS-930S offers the serious Radio Am¬ 
ateur the opportunity to enjoy the high quality of an 
all solid-state, general coverage transceiver with a very 
effective built-in automatic antenna tuner, among a 
number of options. Furthermore, Kenwood's updat¬ 
ed version, the TS-940S, provides all the same fea¬ 
tures plus improved cooling, increased memories, and 
keyboard data entry. For those using the TS-930S — 
and to some extent, those using the TS-940S — the 
following notes may be of interest. 

memory backup 

The TS-930S memory backup requires the use of 
three 1.5-volt AA batteries, which will easily last their 
shelf life. AA NiCads, however, may be substituted 
with good results; because the drain is only in the 
microampere region, recharging will be required only 
about once a year. This can be done by simply attach¬ 
ing some small clip-type probes to the polarity coded 
red and black leads that exit the battery housing on 
its left side (as viewed from the top, front of the radio). 

i-f alignment 

The rather laborious i-f alignment procedure outlined 
in the factory service manual may be greatly simpli¬ 
fied by using the receiver's 100 kHz marker as a sig¬ 
nal generator in conjunction with the S-meter. For 
convenience, and as a reference, the receiver's inter¬ 
nal "S9" meter adjustment is used to set the marker 


level to S9. This provides relatively accurate signal 
readings, consistent with those I would give by ear. 
Unfortunately, the incoming signals above that level 
will read high, but in reality those are only relative at 
best, and I prefer the convenience of accuracy below 
that point, where it's more useful. Some operators 
may prefer a setting of S8 as a compromise, depend¬ 
ing on their particular needs. 

The service manual's instructions for the alignment 
of LI 32 and LI 34 in the rf processor i-fs are quite com¬ 
plex. To simplify this procedure, you can use your 
voice as a signal generator while peaking the slugs as 
indicated on the compression scale of the radio's mul¬ 
timeter. Alternatively, a complex sound such as fan 
noise picked up by the microphone and detected in 
the monitor mode will suffice by just peaking the audio 
signal without the meter reading. 

dial calibration 

To align the TS-930's 10-MHz time base for basic 
dial calibration, the following procedure will provide 
a simple, yet very effective means of relatively accurate 
calibration. First, tune WWV to the highest frequency 
in which an S9 or stronger signal can be copied. With 
the receiver in the a-m mode, enable the 100 kHz mark¬ 
er and adjust the rf attenuator until the optimum beat 
note is heard in the form of the conventional "whoosh¬ 
ing" sound, while adjusting TCI for zero beat. The 
best results will be obtained when the two signals are 
of equal amplitude — i.e., when the strongest beat 
note is heard. Always perform this calibration when 
WWV is well above S9 to allow for the maximum 
adjustment range of the rf attenuator. 

preventing failure in R400 

In all TS-930S units with serial numbers below 
4,100,000,* resistor R400 on the signal board is prone 
to failure. In my radio, the precursors of failure were 

•There are obviously not 4.1 million TS-930Ss — the manufacturer's num¬ 
bering system simply identifies products in this manner. Ed. 

Marv Gonsior, W6FR, 418 El Adobe Place, 
Fullerton, California 92635 
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KENWOOD 
TM-3530A 
25 watt 
CALL 

FOR PRICE 



NEW 


Novice Band 


220 MHz 


Equipment & 


Antennas 


In Stock 


NEW ENGLAND'S FACTORY- 
AUTHORIZED SALES & SERVICE 

FOR _ 

KENWOOD gg iicoMi 

Also displaying the popular accessories needed to complete a HAM STATION . . . 

ARM. PUBLICATIONS • AKA PRODUCTS • AMPHENOL 
• ALPHA DELTA • ASTRON • AUSTIN ANTENNAS • AVANTI 
• BELDEN • BENCHER • B & W • DAIYV A • ALINCO 


• HUSTLER • KI M • LARSEN • MIRAt.E • ROHN 


• TELKX/HY-GAIN • TOKYO HY-POWER LABS 


• TRAC KEYERS • VIBROPI.EX • WELZ • ETC 


OPEN SIX DAYS A WEEK 


Telephone 617/486-3400, 3040 

675 Great Rd., (Rte. 119) Littleton, MA 01460 
Yl> miles from Rte. 495 (Exit 31) toward Groton, Mass. 


yt 




SAVE 

TIME 

and 

MONEY 

with 

THE 

HAZER 


Bring things down for 
safety and convenience. 

Nevor climb your lower again with this elevator system 
Antennas and rotator mount on HA2ER complete system 
trams tower in vert tele upright position Safety lock system 
operates while raising or lowering Never can tan 
Complete kit includes winch. 100 ft of cable hardware and 
instructions For Rohn 20 and 25 G Towers 
Hare* 2 • Heavy duty alum 12 sq ft load S297.00 ppd 

Hazer 3 - standard alum 6 sq ft load S213.00 ppd. 

Hazei 4 Heavy ga*v stool 16 sq ft load S27S.00 ppd. 

Ball Thrust boar mg T8-25 for any of above 14250 ppd 

KENPRO Antenna Rotors 

KR-400 11 sq ft Azimuth Rotor $214 95 ppd 

KR-60C 19 sq ft Azimuth Rotor $299 95 ppd 

KR-2000 27 sq ft Azimuth Rotor $549 95 ppd 

KR-5400 AZ-EL Satellite Rotor $399 95 ppd 

KR-001 C-64 Computer Interface $159 95 ppd 

Send for free details of aluminum towers specifically 
engineered tor use with the Hazer. 

Satisfaction guaranlead Call today and charge to Vtsa. 
MaslerCherge or mall check or money order 


GLEN MARTIN ENGINEERING INC. 
P.O. Bo* H 253 
Boonvllle. Mo. 65233 
816-882-2734 


SSTV SOFTWARE 
Introducing A New Dimension 
In SSTV 

Gest VldeoTools 

—MS/DOS based advanced software 
package for 1200 c Robot users. 

—Create/transmit your own high resolu¬ 
tion graphic Images. 

Full Paint Package Features; 

—65K on screen colors out of a range of 256K 
—ICOM-based menus, mouse-driven, easy to 
learn, easy to use 
—Over 70 functions 

—Enlarge, reduce, save, load video Image and 
Image fragments 

—Combine video Images, graphics and text 
—Full Image processing Including noise reduc¬ 
tion filters 

—Save Images, live off air 

—Animation 

—Zoom 

—Full function robot control through software 
—Aufo 1.0. 

Now available to amateur market 
Send check or money order. $599 
per system to: 

Torontel Technology 
Systems Ltd. 

174 Bellamy Rd. North 
Scarborough, Ontario 
Canada M1J 2L5 
416-292-9952 - 


This publication is 
available in microform 
from University 
Microfilms 
International 


Pleas** send information about those titles 


Company Institution 


Call loli-frre BHtl-521 T044 In Michigan. 

Alaska and Hawaii« «U collect 313-761-4700. Or 
mail inquiry to Umversitv Micrufilms lnlnnuttHmul. 
300 North Zecb Road. Ann Arbor. Ml 4B10A 


















suggested by a VOX malfunction and a 15-minute 
delay in the ALC meter reaching zero. Several other 
930 owners have told me that they've found R400 in 
their units discolored and too hot to touch; this strong¬ 
ly suggests a high probability of failure. 

The measured power dissipated in this resistor is 
1/2 watt with a 1.5-k value. The original rated dissi¬ 
pation of this resistor was either 1 /4 or 1 /2 watt (the 
reason for this uncertainty is that my failed resistor 
wasn't returned to me, and the manufacturer doesn't 
specify resistors in their parts lists). As originally 
designed, it was the only hot resistor on the signal 
board. In all models numbered above 4,100,000, Ken¬ 
wood changed its value to 2 watts, so be sure to in¬ 
spect this resistor for discoloration and measure its 
value. The existing resistor may be replaced by crush¬ 
ing its body and soldering the new one to the remain¬ 
ing leads; if you do it this way, you'll have to remove 
the signal board. Of course, if you're removing the 
board any way, you might as well replace the resistor. 

R400 is difficult to find because it's not located in 
the area of its sequential grouping, but instead at the 
top left center of the signal board, as viewed from the 
bottom side of the radio (facing you). If you have the 
service manual — a bargain at $15, by the way — you 
can find R400 at the intersection of C and 1.5. 

ALC considerations 

Some operators have been experimenting with the 
ALC time constants, with the objective of increasing 
the 930's "talk" power. They believe that some minor 
improvement may be accomplished by decreasing the 
decay time of the ALC, since this varies by the net 
tolerances of the components involved. However, any 
alteration (delay) of the attack time should be avoid¬ 
ed because doing so will only increase the intermodu¬ 
lation distortion products. A senior Kenwood factory 
engineer has advised that any ALC indication above 
zero causes an increase in distortion; therefore, ALC 
should be used sparingly and in accordance with the 
operating instruction manual. Should the decay time 
be found to be excessive (that is, about 5 seconds 
from half scale), it may be reduced by changing R240 
— located at the intersection of 4 and C/D (see page 
39 of the service manual) — on the signal board to 
a smaller value. Unfortunately, unless you remove the 
board, you'll have to crush it, salvaging its leads for 
the replacement. 

rf decoupling 

Like most solid-state equipment, the TS-930S 
exhibits some degree of rf susceptibility, even under 
very low VSWR conditions. Coil cords make excellent 
antennas. So do any other cables to external units 
such as speakers, phone patches, and keyers. The 


liberal use of ferrites, consistent with good shielding 
practices, will usually take care of most problems. It's 
axiomatic that all external leads should be decoupled. 

Evidence of external rf entering the radio and result¬ 
ing in distortion may be found as follows. Wearing 
headphones, turn off the monitor and determine 
whether a garbled SSB signal is heard. Next, place 
the multimeter in the Vc position and note if it remains 
well regulated under full power conditions, especially 
with a power amplifier in operation. Poor Vc regulation 
is a sure indication of a problem, either because of rf 
or in the regulator circuit itself. 

improving transmitted audio, 
greater IMD suppression 

Users of radios with serial numbers below 3,080,001 
may not be aware that a Kenwood factory modifica¬ 
tion was inaugurated at that point for improved trans¬ 
mitted audio quality — i.e. improved IMD suppression. 
The modification consisted of increasing the collec¬ 
tor current of the rf drivers and final transistors, the 
MRF485s and the MRF422s in their quiescent state. 
The effect is more pronounced in the reduction of the 
higher, odd order products. The full details can be 
found in Kenwood's Factory Service Bulletin No. 867 
(March 29, 1983), entitled "TS-930S SSB TX Tone 
Quality." The enhanced performance occurs by oper¬ 
ating the drivers and finals deeper in Class AB1, by 
increasing their collector idling currents from 50 and 
500 to 70 and 1100 mA, respectively. To determine 
if this mod has already been incorporated in your radio, 
place the multimeter in the Ic position and compare 
the value you read to the 1100 mA. To some extent, 
the results of this mod account for the difference in 
transmit quality between the earlier and later versions 
of the 930. 

Thanks to W4CG, a 5-dB improvement in the IMD 
of the radio may be readily obtained by replacing Q1, 
the rf pre-driver (a 2SC2075) with a Motorola MRF485. 
It's essential that the MRF485 be of current manufac¬ 
ture because early devices exhibited a thermal runa¬ 
way problem which has since been corrected by 
Motorola.'The new, improved version is identified by 
a narrow white horizontal stripe across the face, just 
above the device identification number. The MRF485 
is an ultralinear device, especially designed for SSB 
service and therefore just a bit better in this applica¬ 
tion than the 2SC2075, while being fully interchange¬ 
able in form, fit, and function. Therefore, no parameter 
change is required. Replacing the device is actually 
quite simple. It can be a bit of a chore in the 930 
because of the tedium of removing the rf board from 
its mounting; in the 940, the job is much easier. 

quieting a noisy cooling fan 

In most radios, the power supply fan will become 
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noisy after a year or two, depending upon the partic¬ 
ular fan unit and the number of hours of use. Ken¬ 
wood has developed a simple modification that greatly 
reduces or eliminates it. The mod consists of adding 
a small spring clip (Part No. 602 0549-04) to laterally 
load the fan shaft. Described in Kenwood's Service 
Bulletin No 893, the mod takes only about 30 minutes. 

I've also found that a light Teflon™-loaded lubricat¬ 
ing oil such as Tri-Flow™ is an excellent lubricant for 
the front bearing of both fans. However, unfor¬ 
tunately, neither fan is designed for lubrication of the 
rear bearings. 

increasing dial light life 

In order to save the multimeter dial lights, which are 
costly and based on a special pigtail design, Kenwood 
recommends that they normally be operated in the 
"dim" position. However, a 12-volt Radio Shack unit 
(No. 272-1141, 790 can be substituted and wired in 
series for the 28 volt source. 

ergonometric "face-lifting" 

Adding some 1-inch rubber extensions to the front 
mounting feet will make viewing the controls easier, 
thereby helping the operator's posture and possibly 
lessening eye strain. (This will be especially true for 
contest operators.) These rubber extensions are 
obtainable at parts supply houses or hardware stores 


at a nominal cost. I cemented mine to the existing feet 
with 5-minute epoxy. 

balanced modulator stability 

I've observed a frequent, random imbalance be¬ 
tween the capacitative and resistive balance adjust¬ 
ments. While the radio undoubtedly meets its carrier 
suppression spec, it is rather disconcerting to observe 
the imbalance occurring. Therefore, it's a good idea 
to check the balance periodically, using another 
receiver as a detector or an oscilloscope with a dum¬ 
my load across the output of the radio. While the 
amount of carrier may be small, it may become quite 
annoying when it's amplified by a linear and a beam. 
When using an auxiliary receiver as the detector, ad¬ 
vance the Processor In control fully clockwise and 
reduce the Processor Out control counterclockwise to 
the fully off position. This provides the best combina¬ 
tion for checking without audio feedback. 

conclusion 

All of the foregoing procedures may be accom¬ 
plished without test equipment and without following 
the detailed factory instructions, yet they should yield 
the same results. I hope that these methods and 
observations will, in some ways, add to your operating 
pleasure while using these fine radios. 

ham radio 
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ANTENNA POLARITY SWITCHER MODEL APS-1 


The APS-1 is a self-contained control head designed to allow 
remote polarity switching of circular antennas such as the 
Mirage/KLM range of crossed yagis. 



The APS-1 may be powered by the power adaptor (included) or may alternately be powered from a vehicle or other 13-17 VDC source. 

In addition to swilchable outputs tor two antennas, the APS-1 also contains a 6-13 volt regulated DC power supply. This feature is 
designed for powering items such as preamplifiers. VHf/UHF converters, etc., but may also be used whenever a low-current stabilized 
variable voltage source is required. 


Power Requirement (AC) 
Power Requirement (DC) 

Outputs. 


SPECIFICATIONS: 

... 117V ± 10% AC 50/60 Hz 15 Watt 
...11-16 VDC 500 mA 

.. .Two 12 VDC unregulated, switched (antenna relay supply). 
One 6-13 VDC variable regulated auxiliary supply. 


total output current 500 mA with AC transformer that is included. 1 amp with optional high current transformer or external DC supply. 
This unit has our popular five (5) year warranty. 


P.O. BOX 1000 


MORGAN HILL, CALIFORNIA 95037 


(408) 779-7363 







CTRONlCS 


TV CAMERA 


HAMS! Call or write for full line ATV catalog....downconverters start at only $59 


More Details? CHECK OFF Page 118 
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ATV MADE EASY WITH OUR SMALL ALL IN ONE BOX TC70-1 


5 '■-> 


«i«f if 


CAMERA 


MIC pTL 


POWER 

kmit ° n 


AMATEUR 

TELEVISION 


TRANSCEIVER AT A SUPER LOW $299 DELIVERED PRICE! 

CALL 1-818-4474565 AND YOURS WILL BE ON ITS WAY IN 24 HRS (VIA ups surface in cont. usaj. 


COMPLETE ATV STATION 


i u /u-i ...jri'yy 

ATV Transceiver 

Aslron RS20M ..$129 

13,8 wic 20A Power Supply 


KLM 440-27 14dbd S107 
KLM 440-14 lldbd S77 
KLM 440-6 8dbd S62 


Mirage D24N.S219 

(optional) all modo 70cm amp 
13.8vdc 9 amps @ 50 walls RF 


WHAT ELSE DOES IT TAKE TO GET ON ATV? 

Any Tech class or higher amateur can gel on ATV. If you have a 
camera you used with a VCR or SSTV & a TV set, your cost will just 
be the TC70 and antenna system. II you are working Ihe AMSAT 
satellites you can use the same 70cm antennas on ATV. 

DX with TC70-1s and KLM 440-27 antennas line of sight and 
snow tree is about 22 miles, 7 miles with the 440-6 normally used 
lor portable uses like parades, races, search & rescue, damage 
accessment, etc. Gel 50 watts p.e.p with the Mirage D24N or 
D1010N-ATV amp lor greater DX or punching thru obstacles. 

The TC70-1 has lull bandwidth lor color, sound, like broadcast. 
You can show Ihe shack, home video tapes,computer 
programs,repeat SSTV, weather radar, or even Space Shuttle 
video il you have a home satellite receiver. See the ARRL 
Handbook chapl. 20 & 7 lor more inlo & RepeVer Directory lor 
local ATV repeaters. 


Transmitting equipment sold only to licensed radio amateurs veriliod in the 
Catlbook tor legal purposes If recently licensed or upgraded, send copy ol 
license. Receiving downconverters available to all starting at $59 (TVC-2G) 


PURCHASE AN AMP WITH THE TC70-1 & SAVE! 

50 WATT WITH D24N-ATV....$499 

All prices include UPS surface shipping In cont. USA 


TC70-1 FEATURES: 

* Sensitive UHF GaAsfet tuneable downconverter lor receiving 

* Two frequency 1 watt p.e.p. transmitter. 1 crystal included 

* Crystal locked 4.5 mHz broadcast standard sound subcarrier 

* 10 pin VHS color camera and RCA phono jack video inputs 

* PTL (push to look) T/R switching 

■ Transmit video monitor outputs to camera and phono jack 

* Small attractive shielded cabinet - 7 x 7 x 2.5“ 

* Requires 13.8vdc @ 500 ma. + color camera current 


Just plug in your camera or VCR composite video and audio, 70cm 
antenna, 12 to 14 vdc, and you are ready lo transmit live action 
color or. black and while pictures and sound to other amateurs. 
Sensitive downconverter tunes whole 420-450 mHz band down to 
channel 3. Specify 439.25, 434.0, or 426.25 mHz transmit 
frequency. Extra transmit crystal add Si 5. 


o 

ELECTRONICS 


P.C. ELECTRONICS 2522 S. PAXSON LN . ARCADIA CA 91006^818] 447-4565 
TOM W60RG MARYANN WB6YSS CompuServe 72405.1207 


SEE US AT DAYTON 





packet radio conference bridge 


AX.25-compatible bridge 
links six stations 
for routine or emergency 
communications 

From the beginning, packet radio has been 
essentially a point-to-point mode. Even with the 
TNC-2's multi-connect capabilities, it hasn't been 
possible for all participants in roundtable or net-type 
operations to be connected to everyone else in the net. 
Although makeshift arrangements have been devised, 
they've lacked the anti-collision and error-controlling 
capabilities of the AX.25 protocol. 

In an effort to solve these problems, Tom Aschen- 
brenner, WB5PUC, has designed a truly error- 
controllable, AX.25-compatible conference bridge. 
Because it's combined with other network software 
components he's designed, the conference bridge is 
offered in two versions. The one described here fits 
into a replacement EPROM for a TNC-2 clone; the 
other is a part of the software installed in the 
9600-baud network node controller board for 
TexNet. 12 

A conference bridge module in a TNC-2 clone or 
a TexNet node provides full-protocol, multiple-station 
roundtable or net-type operation between packet 
stations. Typical operation is accomplished by each 
of the stations involved in the net connecting to the 
bridge-equipped node by using the Secondary Station 
Identifier (SSID) assigned to the conference bridge 
function. On the test nodes in operation in the Dallas 
area, the SSIDs are -2 and -3 on each node. The 
current version of the network software supports two 
independent conference bridges of six participants 
each. It's also possible to connect to the bridge 
through one digipeater if necessary. 

typical conference bridge operation 

To connect to a conference bridge, each station 


connects as if it were connecting to any other packet 
station. A typical text sequence to a conference bridge 
would be: 

C WB5PUC-2 < carriage return > 

The operator's TNC does the connect routines. 

The following will then appear on the operator's 
CRT: 

•♦•Connected to WB5PUC-2 <cr lf> 

(from TNC) 

Welcome to the WB5PUC Conference Bridge. A 
Control-U shows all stations connected to this 
bridge. 

At this point or at any other time, the response to 
a Control-U command to the bridge will bring up a text 
string listing the calls of all connected stations. For 
example: 

N5EG-5 WD5HJP W5YR-7 WA5MWD-3 
connected 

No additional commands are needed to operate the 
bridge. 

In the normal operation mode, each operator 
receives a text string with a shorter header indicating 
the call of the originating station. For example: 

WD5HJP> Transmitter power is now at 100 
watts. 

N5EG-5> OK Bill, try adjusting trimmer C15 
now. 

W5YR-7> What are you guys up to? 
WD5HJP> Hi George, just adjusting the 
node's final amp. 

When the QSO is over, those connected to the 
bridge simply disconnect as they would from any other 
packet connection, via a DISCONNECT command in 
the Command mode of the TNC. 

operations test 

A routine test of the emergency plan for the Point 
Beach, Wisconsin nuclear power plant in September, 
1986, provided an intensive on-the-air test of an early 
version of the conference bridge software. Though not 
specifically designed for such use, the conference 

Bill Wade, WD5HJP, Texas Packet Radio 
Society, 600 Via Sevilla, Mesquite, Texas 75150 
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bridge served as the hub of an emergency communi¬ 
cations network that included a link to the state capital. 
Overall, the bridge performed well in its original form; 
later modifications have been implemented to facilitate 
its use in emergencies. 

The Nuclear Regulatory Commission (NRC) requires 
annual testing of every nuclear power plant's emer¬ 
gency plan. This test is designed to evaluate the ability 
of plant personnel and the utility company holding the 
facility's license to cope with an accident. The NRC 
measures their ability to assess the extent of danger 
to the public, their effectiveness in recovering control 
of the plant, and their ability to minimize damage to 
the surrounding environment. A succession of events 
pushes the plant engineering staff through a series of 
critical decisions; events are programmed into the 
scenario to simulate damage to the power plant and 
motivate recovery action by the staff. 

For a realistic overview of the performance of the 
allied agencies that would be involved in an actual in¬ 
cident, the test scenario includes a simulated evacua¬ 
tion. State, county, and municipal emergency units 
become involved in the plan when supervisory NRC 
engineers and the utility's power plant engineers have 
recognized a possible threat to public safety. At some 
point in the escalation of the situation, the plant staff 
recommends evacuation, triggering activation of a 
number of government safety, information, and pub¬ 
lic assistance centers. 


At that point, the power plant staff contacts the 
county and state emergency units and delivers its 
assessment of the situation. The complement of 
offices that become active in the evacuation phase of 
the emergency plan are the county Emergency Oper¬ 
ations Center (EOC); the state Emergency Government 
Office (EGO); the Department of Human Resources 
Reception Centers that will process evacuees; the 
Joint Information Press Center (JIPC), the official 
information center for the emergency; and the off-site 
power plant Emergency Operations Facility (EOF), 
from which the NRC and utility supervisory engineers 
make their recommendations to the state and county 
emergency government. 

Each of the 102 nuclear power plants in operation 
in the United States is surrrounded by an Emergency 
Protection Zone (EPZ) with a radius of 10 miles. This 
EPZ is the area considered under immediate hazard 
in case of any airborne release of radioactivity. The 
Point Beach power plant EPZ includes three towns — 
Two Rivers, Shoto, and Two Creeks — and extends 
into Lake Michigan. 

test scenario 

This particular scenario began with a hypothetical 
earthquake tremor, causing a series of leaks in the 
cooling loops of the "B" power plant. Subsequent 
“damage" to the plant caused some injuries and con¬ 
tamination of plant employees and allowed the release 
of radioactive steam into the atmosphere. By 8 AM, 
after a damage assessment, the county and state 
government were notified that there was a "public 
danger"; the county emergency office notified the 
Manitowoc RACES EC, who activated the amateur 
emergency system. Stations equipped with 2-meter 
fm voice and packet equipment were established at 
each of the operations centers listed above, with the 
exception of the plant Emergency Operations Facility 
(EOF), not normally accessible to the public. 

RACES participation 

The Amateur community in Manitowoc County is 
actively involved with the county emergency govern¬ 
ment office.' During the test, the five-station RACES 
system was centered around the Manitowoc County 
EOC, which has a permanent Amateur Radio station 
linked via microwave to a dedicated voice repeater 
(WB9MFB, 145.19/.79) located at the county trans¬ 
mitter facility. Four remotely-sited, linked voting 
receivers increase the effectiveness of this 60-mile 
diameter service area, 2-meter fm voice system. For 
packet operations, a permanent conference bridge- 
equipped packet digipeater (N9AXV-2, 145.01 MHz) 
utilizing an MFJ-1270 TNC-2 is installed at the trans¬ 
mitter site. The voice repeater and packet digipeater 
are converted 100-watt Motorola transceivers. 
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ANNOUNCING 

SOUND OFF MODEL 10 

Sound Ofl Model 10 is a sell-contained mes¬ 
sage generator complete with case and power 
supply The Model 10 was designed specifi¬ 
cally lor applications where repetitive high 
quality natural voice announcements are re¬ 
quired . i.e Amateur repeater and commercial 
radio systems The Model 10 stores your 
natural voice message in nonvolatile EPROM with single message lengths 
ol up to 32 seconds T he Model 10 provides lor both single and continuous 
play modes Factory setable internal timers can set timing intervals Irom 
seconds to 30 minutes or more All control functions and timers are provided 
lor this application (COR sense, transmitter activity sense. PTT. ID timer) 
Models 20,100 and 150 available lor applications requinng random access 
multimessage capabilities in nonvolatile re-recordable message times ol 
up to 4 minutes 

Model 10 prices start at $219.00. 

Now l<x If* tirsl tiiro you can enpy the Iruty unique operation ol a Uio>lal Voice Announcement 
System desioneO specifically loi Amateur Ratlin communications The DVK 100 represents Pie 
laitest technology in digital audio processing 

Create your own natural voice contest calls CO's etc Your voice is stored m digital memory. iead> 
to be played back at the touch nl a hey the Digital Voice Keyer is not a tape tecorder or robotic, 
sounding synthest/er but a true hill fidelity natural voce record/ptaybach system 
the DVK 100. is a must tor the avid conlester and great audio accessory tor any Ham Shack 
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AMATEUR PRICE 
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Other equipment used at all of the temporary public 
service Amateur stations included additional 2-meter 
fm voice transceivers for the RACES 145.19/.79 
repeater. Voice fm was used to coordinate large file 
transfers and to back up the packet equipment. A 
variety of computers (chiefly IBMs and IBM clones and 
Commodore 64s) and TNCs IAEA, Kantronics, MFJ, 
and original TAPR 1*s and 2's) were used without any 
compatibility problems. Each of the locations was 
equipped with the appropriate disk drives; some were 
also equipped with printers. 

Operators at each of the centers connected to 
N9AXV-2, the conference bridge/digipeater at the 
county transmitter site. N9AGH-1 was at the Wis- 
conson State Emergency Government Office in Madi¬ 
son, the state capital. To reach the conference 
bridge, N9AGH-1 connected through two digipeaters, 
WA9SOU (in Baraboo) and WB9SDA (in Fond Du 
Lac), a link length of over 150 miles (see fig. 2). 
WB9MFB, at the county EOC, K9DHR, at the recep¬ 
tion center in Manitowoc, and N9DGL, at the JIPC 
in Two Rivers, were all connected directly to the 
bridge. 

Once the stations were connected, typical opera¬ 
tion proceeded as in any other net. Net control was 
maintained by operators at WB9MFB, the county 
EOC. Traffic was passed simply by sending the text 
via packet from each of the sites. Since all stations 
on the bridge were getting identical copies of text, very 
little repetition was necessary. 

impact of packet operation 

The worth of the conference bridge and packet radio 
was demonstrated immediately. The test emergency 
was declared from the governor's office in Madison, 
and the message went out via the two-digipeater link 
to the conference bridge at the Manitowoc EOC. A 
parallel 75-meter phone system running from the state 
emergency office to the county EOC was also acti¬ 
vated. The packet conference bridge delivered the 
message correctly, approximately 30 seconds ahead 
of the 75-meter phone link. The 75-meter system 
garbled the power plant emergency protection zone 
(EPZ) grid coordinates in the first message! 

In some respects, use of the packet conference 
bridge became second nature. To simulate a system 
failure, Ron Shimek, WB9MFB, the county EC, dis 
connected power to the conference bridge, forcing the 
use of point-to-point packet communcation. When 
they became aware of the system failure, packet oper 
ators set up point-to-point links to re-establish com¬ 
munication. Although throughput was slower, point- 
to-point operation did provide usable information. As 
a backup, a standby station had been set up to moni¬ 
tor activity and act as recorder for the entire test. 





test results 

At the conclusion of the exercise, the Emergency 
Coordinator described the conference bridge as a key 
ingredient in the success of the test. In his report, he 
emphasized that federal observers had been impressed 
not only with the speed and accuracy of traffic han 
dling, but also with the capability for time/date stamp¬ 
ing of traffic (using the computer systems' real-time 
clocks) and for producing hard copy simultaneously 
at all sites. 

Because all the stations in the emergency system 
were connected through the conference bridge, 
automatic status and warning updates were available 
at all sites. An NRC inspector mentioned to one of the 
participating Radio Amateurs that thanks to ham activ¬ 
ity, he was never out of touch with any of the sites 
for the duration of the test. The Federal Emergency 
Management Authority (FEMA) observers indicated 
that they would encourage further use of packet radio 
and the conference bridge in future tests. WB9MF8's 
evaluation of the test suggested a broader role for the 
RACES group in both forthcoming tests and actual 
emergencies. 

recommendations for future designs 

The relatively few operation anomalies that caused 
some delays on the system were largely attributable 
to QRM originating outside the limits of the test area. 
The Manitowoc county transmitter site is about 3 miles 
from Lake Michigan; there is considerable channel 
activity from Milwaukee and Chicago to the south and 
from Michigan across the lake. All of the test activity 
took place on 145.01 MHz. Typically, there are periods 
of 10 to 20 minutes when the N9AXV digipeater 
squelch never closes. Selection of another frequency 
besides 145.01 MHz for operation would be desirable. 

Connection of the conference bridge to a network 
system is also recommended. In this test, the state 
emergency government center was by necessity con¬ 
nected through a 145.01 MHz, two-digipeater link. 
Response time from that part of the system was 
proportionately slower, but still quite usable. Other sit 
uations without such a robust digipeater link would 
benefit from use of a backbone network system. The 
conference bridge software does allow connection to 
any network because of its compatability with AX.25. 

WB9MFB has suggested that a system monitor be 
set up in advance to record all activity during an emer 
gency communications test. Packet operation offers 
a significant advantage in this regard, in that all text 
information is easily stored to disk. In this case, the 
system monitor provided a good backup to the NCS; 
later, when the EC and RACES group needed to do 
evaluation of their own, the stored information proved 
to be useful indeed. 


Other recommendations include eliminating BBS 
activity on frequency during tests or actual emergen¬ 
cies to help avoid channel congestion. Operators from 
outside the test area occasionally interrupted RACES 
activity with inquiries about the test and the confer¬ 
ence bridge. 


implications of conference 
bridge operation 

Amateurs who've handled traffic in hurricanes, tor¬ 
nados, or other disasters know that telephone systems 
are the first communications systems to become over¬ 
loaded or destroyed. The Point Beach scenario 
demonstrated that utility companies and state agen¬ 
cies are still blindly tied to this relatively fragile com¬ 
munications resource. The ability of packet radio 
systems to handle high volumes of traffic quickly and 
accurately under difficult circumstances is being 
demonstrated regularly; as part of these systems, a 
conference bridge can provide reliable communica¬ 
tions to the people that need it most. 
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VlLO goes portable 


THE FIRST CONTROLLER DESIGNED 
FOR PORTABLE AND SOLAR- 
POWERED STATIONS 



LOW 25 mA Current Drain 
Miniature size - Lightweight 
Rugged metal, shielded case 
lithium Battery backup tor RAM 
Onboard Watchdog tor reliability 
Standard DB25 Connectors 
"Connected" Status output line 
Remote Commands in Unattended Mode 
with Hardware Lockout 
Retains all other PK-1 features 
Extra I/O lines lor special applications 


NEW SOFTWARE FEATURE: 

INTELLIGENT BUDLIST Provides 
selective callsign littering lor 
Digipeating, Monitoring and Connecting 


Model PK1-L 

Wired/Tested 
List price $209 96 
Amateur net $179 95 


Power requirement: 9 to 15 Volts DC u 25 mA typical 
Dimensions 4 6 X 5 9 X 1 0 inches Total Weight 12 o« 
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Introducing 

Mirage/KLM 1.2- 


I IS i 


The first 1240 MHz to 1 


Made 


in the U.S.A. 


V;:c F&l* 


Factory Tested 
Completely Assembled 
Completely Weatherized Baiun 
Also Available Soon ... 

Power Dividers 




SPECIFICATIONS 


Electrical 15 1.2-44LBX 

• Band Width . 1240-1300 MHz i 4 1 1 BOOM 

• Gain.18.2 . . 

• VSWR .Better than 1.5 to 1 1.3 - 

• Feed Imp.50 Ohms > / 

• Baiun.4:1 Rigid Coax K 12 ‘ \ / 

Mechanical 1' - / 

• Beam Length .12'4" 10 L,-,-,-,-,-,-,- 

• Element Length.4.5" 1240 1250 1260 1270 1280 1290 1300 1310 1320 

• Mast.2" O.D. 

• W'indload. 1 sq. ft. FREQUENCY (MHz) 


Mirage Communications Equipment, Inc. 
RO. Box 1000 
Morgan Hill, CA 95037 
(408) 779-7363 
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the TEXNET packet-switching 

network 

part 2: hardware design 


In last month's article, 1 we discussed network 
algorithms and the software layering. This month, 
we'll focus on the design and testing of hardware for 
the network, and on the results that have been 
achieved to date. 

system partitioning 

Partitioning hardware to minimize the number of 
signals that must connect between units offers three 
benefits: simplified cabling, easy measuring and 
modification of individual units, and flexibility in the 
construction of the network. 

Figure 1 is a block diagram of a TEXNET network 
node. There are four main pieces: a local area network 
(LAN) radio, which in this case is a 1200-baud AFSK 
modem and 2-meter radio; an inter-processor (IP) radio 
(a 9600-baud FSK radio and modem) for use as the 
high-speed network trunk; a node control processor 
(NCP) that contains the microprocessor and com¬ 
munications ICs; and the power supply, which 
contains a three-state float charger, battery, and 
circuitry for automatic uninterrupted power should ac 
power fail. 

LAN radio and modem 

This channel is the primary method by which users 
with TNCs and 2-meter radios connect to a network 
node. By connecting the modem separately from the 
processor, any modem can be used — 300 baud, 1200 


baud, 2400 baud, or whatever might be desired. 
Figure 2 is a diagram of the modem, which is similar 
to the TAPR TNC-1 modem. We chose to implement 
an active filter equalizer with op-amps instead of a 
switched-capacitor filter 1C. The modem includes a 
45-second time-out timer to disable the transmitter 
should the controller fail for some reason. The strap 
allows setting the EXAR demodulator VCO center fre¬ 
quency, but better results can be obtained by adjusting 
the VCO frequency control pot and observing the 
received "eye" pattern on an oscilloscope from an 
AFSK signal known to be good. An eye pattern is 
observed on an oscilloscope by synchronizing the 
scope trigger with the recovered clock and displaying 
the data. Since the data displayed is not involved in 
triggering the scope, a random display of all data 
sequences is shown, but the zero crossings are fixed 
in time on the screen, yielding an open area in the cen¬ 
ter of a data bit (known as the "eye"). Figure 3 shows 
a typical eye pattern, the recovered clock, and the 
slicing level (which decides between a 1 and a 0). The 
basic decision circuit is shown in fig. 4. 

The radio is an ICOM-IC22S, a popular 2-meter 
transceiver, with the frequency hard wired to 145.05 

Thomas H. Aschenbrenner, WB5PUC, and 
Thomas C. McDermott, N5EG, Texas Packet 
Radio Society, P.0. Box 831566, Richardson, 
Texas 75083-1566 
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fig. 1. Hardware block diagram of TEXNET node. This diagram shows the partioning of the node into functional blocks, 
the processor, the two modems / radio interfaces, and the power supply / battery charger. 


MHz. The transmit audio is injected after the 
microphone amplifier; the receive audio is tapped off 
prior to the audio PA in order to avoid the severe 
degradation of frequency response that results if the 
speaker and microphone leads are used for audio pick- 
off and injection. 

IP radio and modem 

The performance of the network trunks is very 
important in determining the overall throughput of the 
network as a whole. As each user sends traffic into 
a network node, all traffic is multiplexed (combined) 
onto the high-speed trunks. Thus the trunks carry a 
much greater amount of traffic than the user links. 
Because of this, we have decided to operate the trunks 
at 9600 baud, with rapid Transmit/Receive (T/R) 
switching. Rapid T/R switching is required because 
at 9600 baud, actual packets take relatively little time 
to transmit, and the T/R delay can determine the 
effective channel capacity. 

Figure 5 illustrates the effective channel capacity 
versus T/R delay for a 9600-baud channel with no 
errors, and one acknowledgment packet for the entire 
transmission. Several different values are shown; one 
indicates the number of packets per transmission, 
another the number of bytes per packet, and a third 
for two values of DWAIT (digipeater waiting time, 
which allows a digipeater transmission priority). 
Because there are no digipeaters in TEXNET, DWAIT 
= 0. (A value of DWAIT = 80 ms is typical for 2-meter 


channels.) Our experiments involved the use of a pair 
of Hamtronics FM-5 220-MHz fm transceivers and 
K9NG's modems. These radios are modified to operate 
FSK, and the received data signal is tapped off the 
quadrature detector in the receiver. Since these radios 
are PIN-diode switched between transmit and receive, 
we were able to make them operate with 40 ms T/R 
delay, although in practice 80 ms was allowed. 

We encountered some difficulty in making the 
radios operate properly at 9600 baud. Apparently these 
problems were due in large part to variations in the 
performance of different FM-5 radios, which were 
designed not for high-speed data operation, but rather 
for fm voice operation. In an effort to improve the 
operation of the radios, a number of experiments were 
run, and modifications were made to the modem. 

To understand this better, let's review the basics of 
frequency-shift-keyed (FSK) data transmission, the 
spectrum of a non-return-to-zero (NRZ) data signal at 
baseband, and the performance of i-f filters in the time 
domain. We'll see that all three have to be addressed 
properly to assure proper performance of the radios 
and modems. 

An NRZ signal is one that toggles between logic 1 
and logic 0 no more than once per bit period (see fig. 
6). In an FSK system, two frequencies are transmitted 
— one for logic 1, the other for logic 0. At the output 
of the discriminator/quadrature detector at the re¬ 
ceiver, the two frequencies are translated back to 
voltages. If the frequency of the transmitter were to 


30 QS April 1987 





VCO 

ADJUST 


RECEIVED AUDIO INPUT 


TRANSMIT AUDIO 


FRONT END 
Fit TER 


EXAR 

DEMODUL A TOR 


CLOCK RECOVERY 

EPROM ' 

CIRCUITS NRZl TO NRZ 


EXAR 

MODULATOR 


fig. 2A. 1200-baud AFSK modem. 
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fig. 2B. Front-end active filter schematic. 
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vary slightly, then both the logic 0 and logic 1 voltages 
would also vary. A simple method to determine the 
correct "slicing level" for deciding between a logic 1 
and a logic 0 is to choose the voltage halfway between 
the two. This is simple to do by using a low-pass filter 
with a time constant quite a bit longer than the data 
period to generate the slicing voltage level. Then the 
slicing threshold will "track" the logic 1 and 0 voltages 
automatically (see fig. 7). This requires, however, that 
the transmitted data have, on the average, the same 
number of ones as zeros; if they don't, the recovered 
slicing level will be biased off the true center point 
(fig. 7). 

In HDLC, the code used for AX.25, there is no guar¬ 
antee that the code will be dc-balanced (i.e., have 
same number of ones as zeros). In fact, the flag 
character contains two zeros and six ones, thus having 
a large dc offset from one-half. A simple way to solve 


the problem is to use a pseudo-random scrambler to 
cause some apparent randomization of the data 
sequences. A self-synchronized descrambler is used 
on the receiving modem to recover the original bit 
stream. This is the method used on the K9NG modem 
to send and receive data, a 17-stage scrambler being 
used. With this arrangement, the average number of 
ones and zeros is nearly the same. Certain sequences 
into a scrambler can, however, produce long strings 
of ones or zeros. If a long string were to occur, our 
low-pass filter in the receiver would tend to drift off 
the center voltage, halfway between the 0 and 1. So 
we must compromise the time constant of the low- 
pass filter in the receiver slicing level circuit (which we 
would like to make very long) with the need for rapid 
T/R switching, where we need to acquire the proper 
level quickly. In addition, any capacitors used to couple 
the analog signal must have long time constants; if 
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fig 3. "Eye” pattern, recovered clock, slicing level. This 
figure shows what an "eye" pattern looks like, and 
how the oscilloscope is set up to make the measure¬ 
ment. The one/zero decision is made at the slicing volt 
age level at the instant in time of the rising edge of the 
recovered clock. 
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fig. 4. Decision circuit and levels This diagram shows 
the decision circuit, basically a comparator and a flip 
flop. The timing of the flip flop clock and the reference 
voltage into the comparator determine the exact point 
the decision is reached. 
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they don't, the average voltage will drift as the low- 
frequency components from the scrambler charge and 
discharge the coupling capacitors. 

Several modifications of the K9NG modem are 


Norwalizetl throughput versus T/R delag 
lCEND: PACKETS PER TRANSMISSION / BVTES PER PACKET / DWAIT, MSEC 


4 P / 128 B / 0 MSEC 


4 I> / 128 B / 80 MSEC 


2 P / 128 B / 0 MSEC 


.. 2 ? / 128 B / BB MSEC 


- J. P / 32 B / 0 MSEC 


jl P / 32 p / 80 HSfC 


40.00 80.00 120.00 160.00 

T/R delay, seconds. ( *10**-3 ) 


fig. 5. Effective channel capacity vs. T/R delay. This 
graph shows the effective capacity (baud rate) of a 
channel for different transmit/receive switching delays, 
with and without an additional delay, called DWAIT 
(digipeater wait time). TEXNET does not use digipeat- 
ers, so DWAIT = 0. 



DATA RATE 


NRZ IOOI 10 

DATA 


CLOCK 

njn_TLri_rLnj 

fig. 6. NRZ signal diagram. An NRZ signal has a value 
of logic zero or logic one for the entire period of the bit. 
The spectrum of a truly random signal is from dc. dimin¬ 
ishing to zero at (1/bit time). A pseudo-random signal 
has a diminished spectrum near dc, theoretically van¬ 
ishing. 


associated with increasing the time constant of these 
circuits, where they're not critical to the T/R switching 
delay. A list of the modifications is included in fig. 8. 
The most significant improvement came with addition 
of a group-delay equalizer in the receive section of the 
modem. In order to appreciate the requirements for 
this, let's look at how filters work both in the frequency 
domain and the time domain. A typical i-f filter used 
in voice or CW work has very sharp "skirts." That is, 
the amplitude response decreases sharply from the fil¬ 
ter center frequency. In addition, the response is 
relatively flat within the passband. This filter has a 
great deal of time delay distortion (see fig. 9). The time 
delay is minimum at the filter center frequency and 
rises sharply at both the upper and lower filter cutoff 
points. This causes no particular problems with voice, 
where the distortion of the waveform isn't important. 
But with wideband data signals, where we need to 
distinguish the value of data bits that are adjacent in 
time, the spectral energy nearer to the filter cutoff 
points will undergo a greater delay through the filter 
than the energy near to the center frequency. When 
this signal is converted to baseband (i.e., fm demod¬ 
ulated), it can be shown that frequencies near the fil- 
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fig. 7. NRZ filtered, slicing level, low-pass filter to gener¬ 
ate slicing level vs, frequency drift. If the NRZ is scram¬ 
bled, so that the code is dc-balanced, then low-pass 
filtering the data will generate the correct logic-slicing 
voltage. As the one/zero voltages drift with receiver or 
transmitter mistuning, the slicing voltage will track 
automatically. 
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k = 1,000 M - 1,000,000 


Notes: 

7 Short C11 
2. Cut U2-S 
3 Cut U2-A 

4. Change Ut to LM334 

5. Change R8 to 330k 

6. Add group-delay equallier (see circuit) 

7. Add Ik from collector of Qi to +5V 

8. Add 22k from U2-1 to U2-7 

9. Add wire from U6-11 to J2-13 {optional) 

10. Cut J2-9 to PTT 


fig. 8. List of modifications to K9NG modem. The reference designators follow the TAPR documentation for the K9NG 
modem. The list includes all modifications to the modem, and additions (delay equalizer) to the modem circuitry. The 
schematic shows the additions to the modem. 


ter center frequency correspond to the low-frequency 
spectrum of the NRZ (baseband) signal, while the 
frequencies near the filter cutoff (away from the filter 
center) correspond to the higher frequency com¬ 
ponents of the baseband signal. Thus we can "map" 
the time delay of the filter into baseband by "folding" 
the time response about the center frequency, which 
becomes the zero frequency of the baseband. Thus 
the filter produces small delay at low baseband 
frequencies, and larger delay at higher baseband 
frequencies. 

The 455-kHz i-f filter in the FM-5 radio is a sealed 
ceramic unit; no adjustment is possible. Instead of 
designing a new filter with desirable time-delay 
characteristics, we instead built an active filter circuit, 
with flat amplitude response, but with an adjustable 
time-delay response. This network has maximum delay 
at dc, and decreasing delay at higher frequencies. The 
circuit is adjustable, so that we could construct an 
approximate inverse time delay to that caused by the 
i-f filter. Figure 10 shows the amplitude, phase, and 
time response of this baseband group-delay equalizer 
(active filter), and the baseband eye pattern with and 
without the delay being equalized. After delay 
equalization, it can be seen that the eye is much more 
open near the center of the bit, when the 1/0 decision 
is reached. Our measurements indicated a 7-dB 
improvement. We also provided about 1 dB of peaking 
of the frequency response, which opened the eye 
about 1 dB more, yielding an 8 dB improvement in the 
receiver. Actual tests with the radios indicated that this 
made the difference between usable and nonusable 
performance. Without the equalizer, the radios 
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"dribbled" (i.e., had a background error rate regardless 
of the strength of the received signal), which caused 
many packets to be lost. 

One additional problem that had to be overcome on 
our "real" path test hop was insufficient image 
rejection in the FM 5. The test path is in an area where 
television channels 11 and 13 are very strong. The 
channel 11 video carrier is near the image frequency 
of our desired channels (the radio i-f is 10.7 MHz, so 
the image is 21.4 MHz lower than the signal 
frequency). Figure 11 shows a simple filter; fig. 12 
shows its response (S11 and S12). This filter was 
extremely effective in eliminating the image response. 

With these improvements, we've run a 12-mile path 
on 220.55 MHz at 9600 baud, at better than 98 percent 
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fig. 10. Amplitude, phase, and delay of the group-delay 
equalizer "eye" with and without equalization. The base¬ 
band group delay equalizer has flat amplitude response, 
and a varying phase vs. frequency response. The group 
delay is the negative of phase slope vs. frequency. Thus 
the group delay is large as dc. and diminishes with in 
Creasing frequency 
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fig. 11. The 220 MHz front-end filter. Air variable capacitors 
are necessary for adequate filter Q. The two resonators are 
closely coupled. The high tap position sets the loaded Q of 
the resonators and prevents over coupling, while maintain¬ 
ing low insertion loss. This filter is exceptionally difficult to 
tune properly. 


reliability — 98 percent of the packets are received 
without error. This hop is such that 4 dB additional 
attenuation at one radio caused the packet reliability 
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test of the radios and modems in that the radios were 
operated near the minimum acceptable received signal 
level. 

The FM 5/K9NG modem experiments gave us 
valuable insight into proper modem/radio design. We 



fig 12. S11 and S12 of the filter. The forward transfer 
(insertion loss) of the filter is S12, while the return loss 
(related to input VSWR) is S11. This filter has about 1.3 
dB insertion loss, and about 8 dB return loss. The notch 
is near the image frequency of the 220 MHz receiver. 






plan to revise the modem circuits, utilizing surplus 
commercial 440-MHz equipment for the actual 
network. 

NCP design 

The next element in the system is a microprocessor 
performing as the network switching node. The node 
control processor (NCP, figs. 13 and 14) is an original 
design, though several modifications have been made 
since the original artwork was done. The design of the 
unit is conventional, with a few points emphasized for 
reliability. 



fig. 13. The Node Control Processor (NCPI. version 1, with 
several modifications. A new version 2. which is a multi¬ 
channel super set of the popular TNC-2 unit, is being 
designed. 


The unit contains a Z80 operating at 4 MHz, 32K 
of EPROM, 32K of RAM, an SIO/2 serial com¬ 
munications 1C for the serial HDLC ports, a count¬ 
er/timer 1C (labeled CTC and situated on the 
modification "ledge" overhanging the main board) for 
providing the interrupt clock time slices (of 8 ms), and 
two special circuits. Careful design of the NCP 
hardware and interrupt daisy chain to match the 
software was required for the computer to operate 
reliably at 9600 baud and support multiple HDLC 
channels simultaneously. All of the I/O devices utilize 
vectored interrupts through the Z80 interrupt daisy 
chain. Figure 15 shows the entire TEXNET node 
prototype (both radios and modems, ac power supply, 
and the NCP. 

We decided to develop our own board in order to 
keep costs down and allow the inclusion of two special 
circuits. 

The first circuit is a reliable crystal oscillator. Many 
logic-gate type of crystal oscillators aren’t reliable 
enough for use in remote, unattended computers. 
Numerous tests have shown that under certain volt¬ 
age transients, gate type oscillators won't start 
reliably. It's a nuisance to have to climb a tower to 
recycle the power just to restart a crystal oscillator, 
and inconvenient to users to have the network out of 
service during this time. The circuit chosen is a 
conventional Pierce type, with an additional transistor 
buffer amplifier. It was tested extensively and found 
to be robust. (One test to try on an oscillator is to feed 
the circuit from an adjustable voltage supply. Set the 
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fig 14 The NCP. showing the crystal oscillator, baud generator, microprocessor, 32 kbytes of EPROM. 32 kbytes of RAM. 
one HDLC synchronous communication 1C. the counter timer 1C. and the fail-safe state machine. 
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fig. 15. The complete TEXNET node prototype. This is the first 
prototype of the TEXNET node, which includes the NCP, high 
speed modems, the 2 meter radio, the 220'MHz radio, and 
the ac power supply. 


voltage to 0, turn on the power, and very slowly 
increase the supply potential to the nominal voltage 
for example, over a period of 30 seconds. If the 
oscillator refuses to start, starts on the 3rd harmonic, 
or starts at the wrong frequency, the circuit should 
be rejected as unsuitable for unattended operation. 
Many logic-gate oscillators will fail this test.) 

The second special circuit is a fail safe state ma¬ 
chine. This is an EPROM-based logic circuit that 
monitors the IP data and clock lines (from the high¬ 
speed trunk radio), completely independently of the 
processor or communication ICs. It searches for the 
presence of a very long (72 bit) sequence. If this 
sequence is ever detected, the state-machine activates 
the reset line on the microprocessor, thus restarting 
the node software. An EPROM contains both the val 
ue of the 72-bit sequence and the state-machine code 
necessary to operate the circuit. Each node is pro¬ 
grammed with a different 72-bit sequence, which 
we've termed the "fire code." Any user of the network 
can cause the generation of a message with the fire 
code of a suspected node to be embedded in the 
message and sent via the network to the suspected 
node. Thus any node in the network can be rebooted 
(reset) from any other point within the network. 
There's a very small chance that ordinary user traffic 
through the network could resemble the fire code, but 
since the sequence is so long (72 bits), the mean time 
between false activation is calculated to be 
considerably more than 1 million years. 

A new version of the NCP will include strappable 
options, and the circuitry for optional addition of the 
packet message system (PMS), a 5-megabit hard disk 
drive-based bulletin board that allows up to ten users 


to be connected simultaneously. Automatically acces 
sible from anywhere in the network, it's compatible 
with the WORLI command set (the most popular 
packet-radio bulletin board system). Figure 16 shows 
the PMS prototype — the world's first turbo-charged 
TNC-2 clone! This test box contains an ac power 
supply (vertical), an MFJ-1270 (a TNC-2 clone) with 
WB5PUC ROM, a disk controller, and a 5-megabit 
hard drive. The Z80 microprocessor is removed from 
the TNC-2, and an adapter is plugged in its place. The 
Z80 plugs into the adapter. The ROM software for both 
the NCP and the TNC-2 are very similar, except that 
the NCP supports two radios (or more). The NCP is 
designed so that it is a superset of the TNC-2 
hardware. (Further details will be found Part 3 of this 
series, which will address software design.) 

This concept could be tested as a satellite gateway, 
perhaps with UOSAT-11, as a store-and-forward 
message system. 

power supply 

The power supply for the network node is extremely 
important in determining the reliability of the network. 
If the network is to be useful for handling emergency 
communications, it should be able to survive tempo 
rary power outages. Consequently, the TEXNET 
power supply utilizes a gelled-electrolyte (gel-cel) lead- 
acid battery, which can provide power for several 
hours and has a reasonably long life if properly charged 
and maintained. 3 The power supply for the node 
utilizes +17 through +24 VDC as the input power 
source, unregulated (but filtered). The supply/charger 
(see fig. 17) regulates the input to + 13.8 VDC through 



fig. 16. The Packet Message System (PMS). a 5 megabyte 
hard disk drive based bulletin board, supports 10 simultane 
ous users. This prototype includes a TNC 2 clone, the hard 
drive controller boards, the 5 megabyte hard disk drive, and 
the ac power supply. A second version is connected to the 
node prototype, and is accessible from anywhere in the 
network. 
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a three-terminal, 10-amp regulator (LM396). The 
battery charge is controlled by a three-state 
temperature-compensated charger 1C (a Unitrode 
UC3906). When the ac fails, a relay connects the 
battery to the load. A capacitor is used to hold up the 
+ 5 VDC load voltage for the switching time of the 
relay. Should the battery completely discharge (i.e., 
produce less than 12.0 volts dc), the relay protects the 
battery by disconnecting it from all loads, and the pow¬ 
er fails. 

The life of a battery is maintained only by very care¬ 
ful charging. This is the reason for the three-state 
charger. When the battery is initially depleted, it is 
charged at a constant current of C/10 (at 1/10 the 
ampere-hour capacity, that's a 10-AH battery charged 


at a 1-amp current). When the battery voltage rises 
to nominal voltage (14.25 VDC), a controlled over¬ 
charge is initiated. Here the battery is charged at cons¬ 
tant voltage (15.00 VDC) until the charge current 
decreases to C/100 (100 mA for a 10-AH battery). 
Failure to apply a controlled overcharge will result in 
the battery's receiving only 80 percent of its previous 
charge at 14.00 VDC. These voltages are for opera¬ 
tion at +25 degrees C aud for gel-cels. Liquid elec¬ 
trolyte batteries require different (i.e., lower) voltages. 
Variations in temperature require compensation in vol¬ 
tage; if compensation is not made, the battery will be 
severely undercharged at low temperatures and over¬ 
charged at high temperatures. The UC3906 contains 
most of the circuitry, and a temperature-dependent 
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tig. 17. Schematic of battery charger/power supply. The battery charger/power supply is a three-state charger (see text) 
and power supply regulator. When ac power is present, the battery is charged and the three-terminal regulator supplies 
power to the node. When ac fails, the battery supplies power to the node. If the battery should completely discharge, 
the relay will disconnect all loads from the battery, thus protecting it. A large output capacitor on the + 12VDC supply 
to the microprocessor voltage regulator supplies energy for the period of time it takes the relay to energize, preventing 
a momentary glitch in the +5VDC line. 
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HANDBOOK 
23rd Edition 


by Bill Orr W6SAI 

Here are some of the highlights of this exciting new 
edition: New easy-to-use charts for Chebyshev r-’d 
elliptic filter configuration, new data on power MOS- 
FETS, how to use state-of-the-art OP-AMPS, and 
home computer RTTY to name just a few exam¬ 
ples. New projects include: GaAsFET preamps for 
902 and 1296 MHz, easy-to-build audio CW filter, 
Economy two 3-500Z, 160 meter amplifier, multi¬ 
band amp using two 3CX800A7's, and a deluxe 
amplifier with the 3CX1200A7 tube. New antenna 
projects include: efficient Marconi design for 160 
and 80 meters, computer generated dimensions for 
HF-Yagis, and a 2 meter slot beam. Also all the 
other information you count on Bill Orr for! You 
deserve the latest Radio Handbook. 

23rd edition (01986 

□ 22424 Hardbound $26.95 

Reg. 29.95 SAVE $3 

Please enclose S3.50 to cover 
shipping and handling 


ham.- 

radio 


riaiiuimy 

SB 

BOOKSTORE 


GREENVILLE, NH 03048 


voltage reference to accomplish this. An external pass 
transistor increases the current handling capability to 
1 amp. The relay/transistor circuit connects the bat¬ 
tery to the load upon ac failure and disconnects the 
load when the battery is depleted. 

Allowing the battery to remain connected to the 
load after it's depleted will destroy it. New Gel-Cel bat¬ 
teries can normally be expected to operate for six years 
when properly used; automotive-type batteries, which 
are designed for high surge currents, will normally 
have only about a three-year lifetime in a standby pow¬ 
er applications and require different voltages. Warn¬ 
ing: this circuitry is meant only for 12-volt 
lead-acid gel-cel batteries; its use is not recom¬ 
mended for any other type of batteries. Using Ni- 
Cad batteries with this charger could result in an 
explosion. 
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• Linear (all mode) RF power amp with 
automatic T/R switching (adiustable de¬ 
lay) Amplilier useable with drive powers 
as low as ' ? watt 

• Receive preamp option, leaturing GaAs 

• FETS (lowest noise tigure, better IMD) 
Device NF typically 5 dB 

• Thermal shutdown protection incor¬ 
porated 

• Remote control capability built-in 

• Rugged components and construction 
provide tor superior product quality and 
performance 

• All models include a complete operating/ 
service manual and carry a factory war¬ 
ranty on all components 

• Designed to ICAS ratings, meets FCC part 
97 regulations 

• Approximate size is 2.8 x 5 8 x 10 5” and 
weight is 5 lbs 

Specitira!ions/pnce subiec.l lo change 


EXPLORE HF PACKET 
TNC VHF/HF SWITCH KIT 


FEATURES 

All CMOS logic switch 
Changes filter/timing parts lor VHF or HF 
Sell contained — Fits inside the TNC case 
No recalibration ol (ones 
Same precise tones as original 
Easy to build and install 
One hour average 
Prime quality pads 

Now you can use vour TAPR TNC 2 oi TNC 1 (oi any 
close clone AEA MFJ. Heath Paccom. etc I on both 
VHF at 1200 baud and HF at 300 baud The Hick ol a 
switch changes critical titter and timing components to 
optimize the TNC s on board modem lor VHF or HF oper 
ation The AHA switch uses all CMOS logic has a cur¬ 
rent dram ol less than 5ma and Ills conveniently inside 
the TNC case It is easy lo build and install lakes less 
than an hour in mosl cases APA supplies prime parts 
and 1C and complete step by step instructions You 
bought the best TNC — now make it complete $30 air 
mail postage paid Send check or money order (no crcdil 
cards please ) ^ Vi 
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• Large Rotary Tuning Knob 

• LED Slide Rule Tuning Indicator 

• Dynamic 3” Diameter Speaker 

• Telescoping 29V? 'L FM/SW Antenna. 

• Band Selector Volume/Tone Controls 

• Uses 4 "AA" Cells (Not Included) Size: 
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Warranty On Parts/Labor. 
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Tech Talk from ICOM 


ICOM 


Performance, Reliability, and Customer Support 

The Winning Team 


W hile attractive front 
panels and impressive 
magazine advertise¬ 
ments may initially glamorize any 
amateur radio item, they can also 
reflect the classic proverb of beau¬ 
ty being only skin deep. The fa¬ 
vorable returns from any unit and 
the success of its manufacturer, 
however, are directly influenced 
by after-purchase reliability 
and factory-backed service. 
Knowledge of such performance 
records and readily available cus¬ 
tomer support encourage the 
peace of mind to use and enjoy a 
new unit to its maximum poten¬ 
tial. 

ICOM considers the aspect of 
service from two interrelated 
standpoints: daily in-field use and 
possible "down the line" repairs 
if, and when, needed. This con¬ 
cept is pursued by first building 
professional communications 
quality and reliability into 
every unit, confidently backing it 
with a full warranty, then sub¬ 
stantiating that dependability 
with uncompromised factory 
authorized service and custom¬ 
er support. All ICOM HF trans¬ 
ceivers and shortwave receivers 
reflect that philosophy with their 
full one-year warrantles.and 
service centers that are not bot¬ 
tlenecked with backlogs (stout 
performers simply give less trou¬ 
ble). ICOM isn't playing down 
customer support, but building a 
positive long-term reputation on 
it! 

Today's era of advanced tech¬ 
nology and seemingly endless 
consumers tends to replace old¬ 


time "concerned treatment" with 
attitudes of "being one of a vast 
number in line." Returning a unit 
for adjustment or repair and later 
attempting to check its status 
sometimes proves to be a frustrat¬ 
ing experience. While no one is 
infallible, ICOM honestly strives 
to avoid an attitude of "too many 
customers to provide congenial 
service." I COM's customer serv¬ 
ice hotline at (206) 454-7619, for 
example, will put you directly in 
touch with the main service de¬ 
partment. The only prerequisite is 
mutual understanding in shar¬ 
ing this resource so everyone can 
have queries answered and ra¬ 
dios repaired. If a problem can't 
be alleviated via telephone, 
ICOM strives for a service center 
"turnaround time" of three to five 
days. 

Continuing that customer 
support, ICOM is the only ama¬ 
teur radio company with four 
factory-owned service centers 
in North America. The centers 
are located in Atlanta, Georgia; 
Dallas, Texas; Bellevue, Washing¬ 
ton; and Vancouver, British Co¬ 
lumbia. Most I COM service cen¬ 
ters are also situated near major 
airports to further minimize trans¬ 
portation problems. 

The amateur radio industry 
is ICOM's major interest; it's not 
a sideline or spin-off of other pur¬ 
suits. ICOM doesn't manufacture 
stereos, VCRs, or televisions. 
ICOM is communications indus¬ 
try oriented with secondary in¬ 
volvement in top quality marine, 
land mobile, and avionics equip¬ 
ment. 


The stouthearted reliability of 
ICOM equipment is continuously 
praised in testimonial letters from 
proud owners. A few samples 
from those "believe it or not" files 
include stories of transceivers lit¬ 
erally drowned in salt water two 
or three hours, yet continuing to 
operate flawlessly...of no failures 
to date in the IC-735 and IC-751 
power amplifiers...of handheld 
transceivers dropped from tow¬ 
ers, and one was even run over by 
a truck(l), yet continued to oper¬ 
ate after outer case repairs (fortu¬ 
nately, ICOM handhelds include 
a separate metal frame to protect 
PC boards and a high impact plas¬ 
tic "outer case"). 

The next time you switch on a 
deluxe HF transceiver, compact 
VHF mobile rig or handheld FM 
unit, pause a couple of seconds 
and think about its less apparent 
aspect of customer support and 
service. Who would you call if a 
problem arose, what would be 
their attitude, and approximately 
how long might you anticipate 
being off the air? Ifyou'reaproud 
ICOM owner, those answers are 
reassuring rather than aggravat¬ 
ing. 

Again, ICOM's dedication to 
top performance, exceptional reli¬ 
ability and unsurpassed customer 
support may not be visible on a 
front panel or in a colorful ad, but 
they're included in every ICOM 
item. ICOM equipment is simple 
to use and the best in quality. It's 
"Simply the Best" and an increas¬ 
ing number of amateurs are prov¬ 
ing that statement in their setups 
every day. Isn't it time you, too, 
joined the ICOM winning team? 


ICOM America. Inc., 2380-116th Ave. NE, Bellevue, WA, 98004 Customer Service Hotline (206) 454-7619 
3150 Premier Drive, Suite 126, Irving, TX 75063 / 1777 Phoenix Parkway, Suite 201, Atlanta, GA 30349 
ICOM CANADA, A Division of ICOM America, Inc., 3071 - #5 Road, Unit 9, Richmond, B.C. V6X 2T4 Canada 

All stated specifications are approximate and subject to change without notice or obligation. Ail ICOM radios significantly exceed FCC regulations limiting spurious emissions T7287 




GET ON THE AIR 
WITH THE BEST 

All Novices Can Now Italic on 220MHz, K) meters and 12GHz. 



Enjoy HF QSOs worldwide and de¬ 
pend on ICOM transceivers for top com¬ 
munications performance. The exciting 
new IC-761 offers you superb "every¬ 
thing in one cabinet" operation. Or 
there's the ICOM deluxe midsize trans¬ 
ceivers. the IC-751A and 1C-745 The 
IC-735 is today's most popular fixed/ 
mobile rig Also, friends, all ICOM HF 
transceivers Include a full one-year 
warranty. 

ICOM Accessories are interchange¬ 
able. Use them with ICOM's 2-meter 
and 440MHz gear when you upgrade! 

Get on the Air with ICOM and ex¬ 
plore 1.2GHz. experience 220MHz. and 
enjoy HF QSOs. 


IC-3AT 


1C 75IA 


IC-12AT 


IC-I200A 


luxe features and is expandable with 
your future interests. FM mobiling plea¬ 
sures begin with ICOM's new 10 watt 
IC-I200A which is easy to install and 
operate. Every amateur enjoys hand¬ 
held portable operations, and ICOM's 
deluxe IC-I2AT handheld is ready to go. 

Experience 220MHz activities using 
top quality ICOM equipment. For your 
multi-mode interests is the new IC-375A 
25-watt base station transceiver: a 
true masterpiece of modem technology. 
ICOM's ultra slim IC-37A and compact 
IC-38A are ideal 25-watt mobile units. 
For a versatile and rugged handheld, 
choose the deluxe IC-03AT or the ever- 
popular IC-3AT. 


ICOM extends congratulations to 
pr dlege-enhanced Novices, and Invites 
evi ryone to extend their horizons with 
ICC M! 

ICOM Is the only amateur radio 
mai ufacturer hosting a full product 
line especially geared toward privi¬ 
lege enhanced Novices (and Techni¬ 
cian joining 10-meter activity). 

Whe her your Interests Include 1.2GHz, 
22ON Hz. HF bands. FM. CW, or SSB, 
choo: Ing ICOM gear means going First 
Class 


E tplore 1.2GHz DX attractions and 
local a:tivities with pacesetting ICOM 
gear, he all mode 1C-1271A base sta¬ 
tion tn nscelver includes numerous de¬ 
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TH 215AT 

2m FM Handheld 


Hamilton Worked I 
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You'll 
find us in 
Dayton, 
April 24-26 
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EGE VIRGINIA 

13646 Jelterson Davis Highway 
Woodbndge Virginia 22191 
Inlormalion (703) 6431063 
Service Depl (703) 494-8750 
Store Hours M th 10-6 
F 10-8 
Sal 10-4 

Order Hours M-F 9—7 
Sal 40-4 

EGE NEW ENGLAND 

8 Stiles Road 

Salem New Hampshire 03079 
New Hampshire Orders,* 

Into & Service <6031 898 3750 
or call 800 336 4 799 

Store Hours MTWSat 10-4 
ThF Noon-8 

•CUdei S we II credit you St lor the call 


TS 440S 

HF Transceiver 
with Antenna Tuner 


1C 3200 

2m/440 MHz Mobile 


RX 325 

Short Wave Receiver 


Our associate store 

Davis & JacKson Road P 0 Box 293 

Lacombe Louisiana 7044b 

into & Service Ib04) 882-MSS 


Tarms: V personal checks accepted 
Price s Oo not include shipping UPS 
COP lee $? 3b per package Prices are 
m jb/ecl to change without nohc* or 
.litigation Products ate not sold tor 
pvaiuahon Authorized returns are sub 
iect to a tb+> restocking and handling 
iee and credit win he issued tor use on 
your net i put chase EGl supports the 
manufacturers warranties to gel a 
l upy ot a warranty poor to purchase 
can customer service at 703-643- 1063 
and it win be furnished at no cost 


Spring Buyer's 
Guide/Catalog 
Available-Send $1. 


FT 767GX 

All Mode Transceiver 
wilh CAT System 


FRG 8800 

General Coverage Receiver 
All mode 150 kHz-30 MHz 


FRG 9600 

Scanning Receiver 
or 60-905 MHz FM/AM/SSB 


R 5000 

General Coverage Receiver 


Amateur HF Bands 

Cushcrall. Butternut KLM 
Mosley. Hy-Gatn, Mint 
Products B&W Van Gorden 
Hustler Larsen, Antenna 
Specialists. Centurion Smiley 

Antennas in Stock 

lor Mobiles. Base Stations 
and Handhelds 

Everything Irom mini rubber 
duckies lo huge monobanders 

ASK FOR PACKAGE 
DEALS ON ANTENNAS 
AND ACCESSORIES 

Also... 

Antennas lor Scanners, CBs. 
Marine. Commercial, and 
Short Wave Listening 


ALINCO 

Radios Now in Slock 

SONY 

PANASONIC 

Receivers 

REGENCY 
BEARCAT 

Scanners 

MIDLAND 

CB Radios 

COBRA 

CBs Radai Deleclors. Phones 

UNIDEN 

CBs. Radar Deleclors 

WHISTLER 

Radar Deleclors 

Southwestern Bell 

Telephones 


AMPLIFIERS 

Vocom Daiwa, TE Systems 
Amp Supply Mirage Almco 
Ameritron Tokyo Hy-Power 

ANTENNA TUNERS 

Amp Supply Amenlron MEJ 

Switches. Couplers. Fillers. 
Connectors. Mikes. Keyers. 
Paddles. Headsets. Clocks. 
Books. Power Supplies 


Packet Controllers 

Kantromcs and MEJ 

Amateur Software 

Ham Data Sollware lor 
Commodore Computers 
Ask for Descriptions 

RTTY / Morse/Amtor 

Hardware and Sollware and 
packages by Kantromcs, 
Microlog, HAL, MEJ. & more 


UNARCO-ROHN 

TRI-EX 

HY-GAIN 

Ask tor package quotes on 
complete lower assemblies 
including Phillyslran guy 
zire antennas, rotators, etc 

ROTATORS 

Kenpro Alliance. Daiwa, 
Tele* Hy-Gam 


April 1987 


FT 23/73 

Mini Handhelds 
tor 2m7440 MHz 


FT 727R 

2m/440 MHz Dual Band HT 


Micro 2AT 

Mini 2m Handheld 


1C 02AT/04AT 

Handheld lor 2m/440 MHz 


1C 751A 

HF Transceiver with 
General Coverage Beceiver 


TS-940S 

HF Transciver with 
General Coverage Receiver 


TH 21BT/31BT/41BT 

Mini Handhelds 
lor 2m/220 MHz/440 MHz 


For Orders & Quotes Call Toll Free: 800-336-4799 

In New England Call 800-237 0047 In Virginia Call 800-572-4201 
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Antennas 


More Radios 


Towers Computer Stuff Accessories 
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PRACTICALLY SPEAKING 



grounding, shielding, 
and isolating: part 1 

Most users of electronic equip¬ 
ment have to face problems of 
grounding, shielding, and isolating in 
order to prevent EMI (electromagnet¬ 
ic interference). Amateur Radio oper¬ 
ators have an especially difficult 
problem because their equipment 
often must operate on the same desk 
as their high power radio transmitters. 
EMI is also caused by local electrical 
disturbances such as arcs, lightning 
discharges, and electrical motors. 

The flip side of the EMI problem is 
prevention of interference to other 
equipment — such as televisions, 
radios, stereo systems, and other 
entertainment equipment — caused by 
Amateur transmitters. We must oper¬ 
ate our stations in a manner that won't 
interfere with properly designed, prop¬ 
erly operated equipment that's in good 
repair. Electronic equipment must 
do two things: respond to desired sig¬ 
nals and reject undesired signals. 
There's not much we can do if the 
equipment fails to do the latter; if it 
meets both tests, however, our efforts 
can help profoundly. 

In this installment, we'l| discuss 
methods of preventing interference 
from outside and cross-interference 
between circuits or equipment in our 
own stations. 

preventing EMI 

Shielding and filtering of signal lines 
is the key to preventing EMI. Figure 
1 shows a "generic" electronic device 
with several of the possible EMI pro¬ 
tection methods used. This type of cir¬ 
cuit could be a microphone input 
preamplifier, a receiver accessory, or 
some other piece of equipment. First, 
note that the entire instrument is built 


inside a shielded metal box, and the 
box is grounded. Points of entry and 
exit incorporate feedthrough "EMI 
filter" capacitors (Cft) (500 pF to 
0.002 fiF). Each stage is isolated from 
other stages by a resistor, and has its 
own decoupling capacitor (C5 and C7). 
The main power bus is decoupled 
(C6), and has a series rf choke (RFC2) 
to filter rf that gets past C2 and pre¬ 
vents it from interfering with the oper¬ 
ation of the circuit. The input leads are 
similarly filtered with RFC1 and C4. 
The input resistance Rin of the ampli¬ 
fier and the reactance of capacitor C4 
also form a low-pass filter with a fre¬ 
quency response that rolls off at a 6 
dB/octave rate from the - 3 dB point 
defined by: 

f(H , _ IQ 6 

J ’ 6.28 • (C4) (R, n ) 

where: / is the frequency in Hz, C4 is 
in jtF, and Rin is in ohms. 


One potential source of interference 
is noise and other EMI signals on pow¬ 
er lines. I can recall troubleshooting 
digital instrumentation and computers 
in a medical school building. We found 
that the ac power lines were the source 
of the problem. Where sensitive elec¬ 
tronic instruments are used, one might 
want to consider designing the electri¬ 
cal system to be either isolated from 
the building system or have separate 
neutral and ground conductors all the 
way back to the building's electrical 
service entrance ground. 

Figures 2 and 3 show methods for 
dealing with power line noise. In fig. 
2, we see an LC power line filter. 
Although the version shown here uses 
just one LC section, others are avail¬ 
able (at higher cost) with two or more 
sections. These devices are shielded 
low-pass filters, and are mounted in¬ 
side equipment as close as possible to 
the point where ac enters the cabinet. 
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Some filters are available molded into 
the ac chassis connector. 

Also in the circuit is a Metal Oxide 
Varistor (MOV) device used to sup¬ 
press ac line transients above about 
155 volts peak (some can reach 2000 
volts for 30 microseconds). Power line 
transients can have surprisingly sharp 
rise times, and thus are capable of 
producing interference across a wide 
portion of the spectrum. Because of 
this some designs have these MOV 
devices ahead of the filter in order to 
reduce the intensity of peaks that con 
tain high frequency components. 

There is an issue regarding EMI 
filters that some people overlook: fus¬ 
ing. Ideally, the fuse should be as close 
as possible to the point where the ac 
line enters the cabinet. If the fuse is 
placed downstream from the filter, the 
equipment won't be protected if com¬ 
ponents of the EMI filter short to 
ground. If the ac power line is routed 
through the fuse holder before pass¬ 
ing through the EMI filter, on the other 
hand, there's enough prefiltered wir¬ 
ing to form an antenna and radiate into 
the other circuits. As a result, I prefer 
to build the fuse either into the EMI 
filter (or an extra shielded compart¬ 
ment that also houses the EMI filter) 
or into a fused ac plug at the wall 
outlet. 

The Topaz transformer shown in 
fig. 3 performs three functions. First, 
it isolates the equipment electrical sys¬ 
tem from the ac electrical system. 
Second, it frequency-limits the system 
to prevent high frequency transients 



Power line isolation transformer (Courtesy 
Topaz Electronics. San Diego. CAI. 


and pulses from passing into the 
equipment. Third, it provides a locally 
isolated ac power mains system that 
isn't ground referenced, making death 
or serious injury less likely in the event 
of accidental contact with the 110 or 
220 volt ac lines. All workbenches 
should have isolated power. 

My opinion, which is shared by 
many others, is that no computerized 
or other digital equipment or many 
types of analog and rf equipment — 
should be operated in a noisy power 
line environment without one of these 
transformers. This is especially true if 




fig. 5. Single point grounding solves ground loop problem 
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(continued from page 4) 

220 AT RISK-ACT NOW 

with radiolocation through 1990, when that 
use will be largely phased out). Not a bad 
tradeoff, to go from 5 M Hz (shared with two 
other hungry services and thus a potential 
roosting place for every channel-seeking 
schemer who's come along in the last de¬ 
cade) to a 3-MHz band that's as firmly ours 
as any Amateur band can be, and thus like¬ 
ly to stay that way for the foreseeable future! 

But this is not 10 years ago, and that 
"lightly occupied" 220-225 MHz band is in¬ 
deed fully occupied, particularly in most 
major urban areas. Even without Novice en¬ 
hancement, the proposed reallocation will 
cause severe disruption to important, estab 
lished Amateur activities. With the addition 
of Novice operatqrs to the already crowded 
— not "lightly loaded" — 220 MHz band, 
perhaps the pundits who thought this one up 
will then decide that it's really 2 meters that's 
"lightly loaded" and declare that 2 meters is 
the one to be shared with others! 

Can this proposal be stopped? Very pos¬ 
sibly not — but every effort must be made 
and made quickly. The deadline for com¬ 
ments on General Docket 87-14 is April 
6, though several petitions to have this date 
extended are being filed. A minimum of one 
original and five copies of your comments 
are required; 11 copies are necessary if you 
wish each Commissioner to receive one. To 
be effective, cite occupancy facts and sup¬ 
port use projections. "You can't do this to 
us!" isn't a very valid argument in Wash¬ 
ington! 

The FCC does indeed giveth ... and may 
well taketh away, too! 

— Joe Schroeder, W9JUV 


short circuit 

W6SAI 

The inset table shown in fig. 1 of 
W6SAI's February, 1987, column 
("Ham Radio Techniques," page 45) 
should be corrected to read as follows: 
Tuned input network to match 420 
ohms (Q = 4) 


f(MHz) 

C,(pFI 

C,(pF) 

L,(/*H) 

3.5 

605 

361 

6.30 

7.0 

302 

180 

3.15 

14.0 

151 

90 

1.57 

21.0 

100 

60 

1.05 

28.0 

75 

45 

0.79 


SHORT CIRCUIT HOTLINE -n 

Building a current ham radio project? Call the 
Short Circuit Hotline any time between 9 AM and 
Noon, or 1 to 3 PM — Eastern time — before you 
begin construction. We'll let you know of any 
changes or corrections that should be made to the 
article describing your project. 

(See “Publisher's Log," April, 1984, page 6, for 
details.) 

V-603- 878-1441 -' 



the operation of the equipment is 
critical. 

Although most Amateur equipment 
doesn't fall into this category, there are 
some cases where it might. For exam¬ 
ple, suppose you have a computer- 
controlled repeater transmitter. A 
power line transient could easily upset 
the program, causing it to "bomb" 
with the transmitter on . . . with no 
way for a control operator to turn it off 
without a personal visit to the site. 
While this problem is easily overcome 
by good design, I was told of one such 
situation in the Midwest, so I have to 
assume that others may also encoun¬ 
ter it. 

common-mode rejection 

Other electrical devices nearby, as 
well as the ubiquitous 60-Hz field from 
building wiring, can induce signals into 
audio and low-frequency amplifier in- 
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The BEST is still 
"made in U.S.A.” 


ams 


/KLM 


Under New Ownership 

American made RF Amplifiers and Watt/SWR Meters 
of exceptional value and performance. 

•5 year warranty • prompt U.S. service and assistance 


RF AMPLIFIERS 


WATT/SWR METERS 


2 METERS-ALL MODE 

B23 2W in = 30W out 
(useable in: 100 mW-5W) 

B108 10W in = 80W out 
( 1 w = 15W, 2W = 30W) RX preamp 

B1016 10W in - 160W out 

(1W = 35W, 2W =90W) RX preamp 

B3016 30W in = 160W out 
(useable in: 15 45W) RX preamp 
(10W -100W) 


220 MHz ALL MODE 

Cl06 10W in = 60W out 
(1W*15W. 2W = 30W) RX preamp 
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C22 2W in * 20W out 
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RC-1 AMPLIFIER 
REMOTE CONTROL 

Duplicates all switches, 18' cable 


• peak or average reading 

• direct SWR reading 
MP-1 (HF) 1.8-30 MHz 
MP-2 (VHF) 50 200 MHz 


430-450 MHz ALL MODE 

D24 2W in=40W out 
(1W = 25W) 

D1010 10W in * 100W out 
(1 W = 25W, 2W S 50W) 


Available at local dealers throughout the world. 
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16890 Church St.. Morgan Hill. CA 95037. (408) 779-7363 



























puts. It's wise to use differential 
amplifiers (where possible) for these 
applications because of their high 
common-mode rejection ratio (CMRR). 
Signals from desired sources are con¬ 
nected as differential signals (VI and 
V2 in fig. 4) across the two inputs, 
while interference from the 60-Hz lines 
tends to be common mode because it 
affects both inputs equally. 

It's sometimes possible, however, to 
manufacture a differential signal from 
a common-mode signal. This can oc 
cur in two ways; both involve the im¬ 
proper use of shields. One source of 
the problem is the ground loop, as 
shown in fig. 4. This problem arises 
from the use of too many grounds. In 
this example the shielded source, 
shielded input lines, the amplifier, and 
the power supply are all grounded to 
different points on the ground plane. 
Power supply dc currents flow from 
the power supply at point "D" to the 
amplifier power supply common at 
point "F," forming a voltage drop 
along the way. Similarly, other sources 


also cause ground plane voltage drops. 
Known as ground loop signals, these 
signals form valid input signals from 
the amplifier's "point of view." 

The cure for ground loop signals is 
shown in fig. 5. In this example we see 
that all of the ground connections 
within the equipment are routed to a 
single common grounding point. This 
effectively eliminates the ground loop 
voltage drops. Also, note that rather 
than allowing each line to have its own 
shield, a single shield around both lines 
is used. 

When you're designing a new sys¬ 
tem — and have the opportunity to de 
sign the printed circuit boards — make 
sure that single-point grounding is 
used. Figure 6 shows a method for 
minimizing the noise problems in a cir¬ 
cuit board. Note that four different 
grounds are used: one each for the 
power supply, the digital signal, the 
analog signal, and rf. All four grounds 
are joined together at a single point on 
the card edge connector and then 
spread out to their respective circuits. 


common-mode signals 

Figure 7 shows the causes and 
cures for another form of signal error: 
common-mode signals manufacturing 
differential signals. The circuit in fig. 
7A uses standard single shielding, but 
the equivalent circuit shown in fig. 7B 
reveals the problem. The shield 
produces a capacitance to ground with 
the input wires (Cl and C2). In addi 
tion, there are cable and source 
resistances in the circuit, represented 
in fig. 7B as R1 and R2. The system 
works well if R1/XC1 = R2/XC2, but 
even small imbalances in the RC net¬ 
works will allow common-mode volt¬ 
ages to manufacture a differential 
signal. In that case, it's found that Vci 
does not equal Vc 2 so the amplifier 
sees what it accepts as a valid input 
signal. 

A "guard shield" (fig. 70 circuit 
can be used to overcome this problem. 
The guard shield is driven by signals 
from the two input lines summed 
together through high-value resis¬ 
tances, Ra and Re and, in many 
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GET THE BRAINS. 


Tb transform your shark into a DX 
powerhouse, combine the intelligence 
of Yaesus FT-767GX HF/VHF/UHF 
base station and the muscle of our 
powerful FL 7000 HFamplifier. 

You’ll be amazed at how you can 
cut through pile ups. Be heard any 
where in the world. And wake up other¬ 
wise inactive bands. 

The brains of the operation: The 
FT-767GX. This intelligent HF/VHF/ 
UHF base station includes four micro¬ 
processors for unparalleled flexibility 
and ease of operation. 

Features include 160 to 10 meter 
transmit, including WARC bands. 
Optional plug-in modules for 6 meter, 
2-meter and 70-cm operation. Receiver 
coverage from 100 kHz to 30 MHz. 

AM, FM, SSB, CVV, AFSK modes built in. 
Thn memories that store frequency, 
mode, and CTCSS information 
(optional CTCSS unit for controlled 
access repeaters). Memory check 
feature for checking memory stat us 
without affecting operating frequency. 
Dual VFOs with one touch split fre¬ 
quency capability. VFO tracking for 
slaved VFO-A/VFO B operation at a 
constant offset. Digital display in 


10 Hz steps. Slow/fast main dial tun 
ing. Synthesizer step programming 
at up to 99.99 kHz per step. Digital 
SWR meter. Digital RF power meter. 
Built-in RF preamplifier. Adjustable 
drive level from 0 to 100 watts. Blue 
fluorescent display. Built-in AC 
power supply. 

Up to 30 minutes continuous 
transmit (100% duty cycle). Full CW 
break in. Built-in CWelectronic keyer. 
Audio peak filter for CW (Yaesu 
patent). CW and AM wide/narrow 
filters. Woodpecker noise blanker. 


RF clipping speech processor. IF shift 
for both receive and transmit (TX 
side allows you to adjust voice fre 
quency response pattern). IF monitor. 
IF notch filter. Audio low pass filter. 

Built-in antenna tuner with mem¬ 
ory of settings on each band. Separate 
antenna connectors for each VHF or 
UHFoptional unit. Separate beverage 
antenna receive input on rear panel. 
Quick turnaround time fromTX to 
RX for AMTOR. Packet, and QSK CW. 
AGC slow/medium /fast/off selec¬ 
tion. Push pull MRF422 transistors 






cases, a unity gain common-mode am¬ 
plifier. The method has the effect of 
placing both sides of the cable 
capacitances at the same potential, so 
Vci - Vc2 = 0- The outer shield isn't 
strictly necessary, but is highly recom¬ 
mended in rf-rich environments. 


don't run signals 
through shields 

Another shielding scheme for con¬ 
necting two pieces of related equip¬ 
ment is shown in fig. 8. This situation 
involves two pieces of equipment 


(identified here as "A" and "B”) that 
pass multiple connections back and 
forth, including signals and power. 
While traditionally not common in 
Amateur equipment, this arrangement 
is becoming more so with the increas¬ 
ing use of interfaces between com¬ 
puters and Amateur Radio equipment 
(as in packet radio). A common error 
made in constructing the multiconnec¬ 
tor cables is to pass signal or power 
common return paths through the 
shield itself. All such common paths 
should have their own separate wire in 
the cable bundle. Some internal con¬ 
ductors may be individually shielded. 
The shield is connected to the shield¬ 
ed backshells of each connector, but 
doesn't carry signals. It's sometimes 
permissible to ground the shield to the 
chassis through a pin in each connec¬ 
tor, provided that it too does not car¬ 
ry signals or power. 

Next month, we'll take a look at sta¬ 
tion grounding and other methods of 
preventing TVI that we might cause. 

ham radio 



AND THE BRAWN. 


(rated dissipation 290 watts each) 
operated at 24 volts for excellent inter 
modulation rejection in transmitter. 

Enhanced C.A.T. system for exter 
nal control of transceiver from per 
sonal computer. (Software for Apple 
He/MAC, Commodore C 64, and 
IBM-PC is available through yourYaesu 
dealer.)There’s also data communica¬ 
tion with the FL 7000 linear amplifier 
for hands-free amplifier operation. 

The muscle to get you out: The 
FL-7000.This solid-state amplifier 
covers 160 to 15 meters, and includes 


a built in power supply, automatic 
tuner and lots of powerful operating 
features. 

There’s fast turnaround time for 
break in (QSK) CW, HF packet radio, 
and AMTOR. Only 70 watts excitation 
for full output, and 1200 watts PEP 
input power. Fully protected push pull 
parallel wideband “no-tune” ampli 
fier circuit powered by 47V, 25A DC 
power supply. Yaesu’s exclusive“DVC” 
(Direct Vertical Cooling Heatsink 
System) with bottom-mounted fan. 
Automatic antenna matching sensor 


turns off amplifier and rematches 
tuner circuitry if SWR rises above 
2:1. Hands-free automatic band change 
when used with FT-767GX, FT-757GX 
or FT-980. Lithium battery backup 
remembers antenna selection and 
tuner settings. Dual 2-speed fans 
with independent thermal sensors. 
Connection to up to four antennas, 
including automatic selection via 
optional unit. Eight front panel LED 
status indicators. And more. 

Get the DX advantage, lust 
combine the FT767GX’s brains, the 
FL-7000’s brawn, and your special 
operating knowledge. What an impact 
you'll make on the world! 



Yaesu t!SA 

17210 Edwards Road, Cerritos, CA 00701 
(213) 404 2700 

Repair Service: (213) 404-4884 
Parts: (213) 404 4847 
Yaesu Cincinnati Service Center 

9070 Gold Park Drive, Hamilton, OH 45011 
(513)874 3100 

Prices and specifications subject to change 
without notice. 






















NEW 24 Page 
Buyer’s Guide 
With Guaranteed 
Lowest Prices 

•Explains all aboul FREE 100 
channel Satellite TV and how 
to shop for an earth station! 

•Lists GUARANTEED 
LOWEST PRICES...we will 
not be undersold, save 30-50% 
over local dealer prices! 

• Tells how to easily and quickly 
Inslall-Your-Own earth station 
and save S400 or more! 

•Shows how to demonstrate and 
sell earth stations from your 
home and earn extra money! 

unlden 

O ALCOA «' 

flrttk* -a>BS 


The new SATMAN Buyer's CiunJc t\ a nrcmiiy for any 
prospective or currcni earth station owner who wants to 
save big money on name hiand satellite products and 
also earn some extra money Buy direct. Do-It- 
Yourself. and save with SATMAN loll ftce ordering:, 
no sales tax (II. only), major credit cards accepted, huge 
in stock inventories available, and fast UPS shipping 
anywhere in U.S. Check with SAIMAN before you 
buy I* r will not hr undersold! < dll now for your free 
24 page SATMAN Buyer\ Guide 

1 -800-4-S ATM A N 

|-109-bV2-«*582 Illinois 


II SATMAN 


SAON Mlinov • PI OAlA U *«*•« 

La mm tm mm mm » clip and save 
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SWL's: Are You Plagued By 

Phantom Signals? 


-*V 


* 


Range MHz 




Meet the Eliminator. 


Don’t let its small dimensions (4”x3”x2”) fool you—the Grove 
Minituner III is a big weapon against images, intermod and 
phantom signals on your shortwave receiver! 

This short wave/long wave pre-selector is designed to boost 
performance in the 100 kHz-30 MHz frequency range. If you 
own one of the popular general coverage communications 
receivers and are using an outside antenna, you NEED this extra 
measure of selectivity. 

No power required. Simply connect between your receiver 
and antenna. Equipped for standard PL-259 connections. Only 
$39 (free UPS shipping; *5 U.S. Mail/Parcel Post). Order TUN-3. 


A Grove Enterprises 

140 Dog Branch Road 
Brasslown. N.C. 28902 


MC. Visa or COD call: 

1-800-438-8155 


Shop Grove for fantastic values in shortwave 
receivers, antennas, cable, performance 
boosting accessories and literature. 

Call (704) 837-9200 nr write to above address for free catalog! 



' r-JO TUNERS! 

NO RADIALS! 
NO RESISTORS! 
NO COMPROMISE! 

THREE EXCELLENT REVIEWS |UST 
DON'T HAPPEN BY CHANCE. 
CALI US FORA EREE CATALOGUE. 


*t •••«, *M4*i»* 


BILAL COMPANY 

S.R. 2, Hu- M. Il.pl. 2 
lull..,. Ok 74142 1-11111 2S4-4OT4 
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We’ve Got Books 
Plenty of Books 

Send SASE for free flyer 

Ham Radio’s Bookstore 

Greenville. N. H. 03048 
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TECHNIQUES r > 


Xingiang Province: 
the last frontier 

At last! I'd stuck the final red pin in 
the map of the world. Covered with 
red pins, one for each DX country con¬ 
firmed, and hung proudly on the wall 
of the operating room, it instantly 
showed visitors my DX prowess. 

I had some good ones. Andaman 
Islands? Yes. Burma? Yes. Franz- 
Joseph Land? Yes. Tibet? Yes. Hours 
of DX operation had covered the map 
except for a gaping hole near the 
center of Asia. A no-man's-land of 
zero Amateur activity! I'd worked 
many stations around the perimeter of 
this mysterious “black hole," which 
measured about 600 miles in diameter. 

This blank zone encompassed what 
was once known as "Chinese Tur¬ 
kestan," with the city of Urumchi — 
now known as Urumqi — as the focal 
point of interest. Located in western 
China, nestled between India and the 
USSR, Xinjiang Province (as it's now 
known) has never, as far as I know, 
been on the ham bands. (There was 
a rumor, circa 1948, of a certain C5YY 
who was supposed to be active from 
Urumchi, but nothing ever came of 
this story.) 

Rumor has it that a new station will 
soon be on the air in the western sec¬ 
tion of the People's Republic of China 


using the call BYOAA. Perhaps this will 
be the station to represent the last 
frontier of DX — Xinjiang Province! 

intermediates and prefixes 

What seems simple now was rather 
complicated in the early days of radio. 
For example, you hear G6ZO working 
KH6BZF. You know it's a QSO be¬ 


Table 1. 

Post-World War 1 international 

Amateur call numbers. 

Number 

Country 

1 

Italy, Luxembourg 

2 

England 

3 

Poland 

4 

Germany, Belgium 

5 

England 

6 

England 

7 

Denmark 

8 

France 

9 

Switzerland 

0 

Netherlands 


tween England and Hawaii by the pre¬ 
fix letters of the calls. Easy. But return, 
in your mind's eye, to the early days. 
When Amateur Radio began back be¬ 
fore World War I, the infant hobby had 
no assigned call letters. Hams used 
their initials or an abbreviation of their 
town or city. SNJ was in Hartford and 
HU was in Honolulu. 

Just before the war, licensing was 


Table 2. Original Amateur international 
intermediates (reprinted from QST, 
March, 1923). 


A—Australia 
AU—Alaska* 

E—Belfina 
BE—Bermuda 
BZ—Brazil 

C—Canada and Newfoundland 
CH—Chile 
CR—Costa Rico 
D—Denmark 
E—Spain 
F—Franca 

FI—French Indo-China* 

G—Great Britain 
GI—Ireland* 

R—Helvetia (Switzerland) 

HU—Hawaiian Islands 
I—Italy 
1C—Iceland* 

J—Japan 
K—Germany 
L—Loxenboarr 
LA—Norway* 

M—Mexico 
N—Netherlands 
O—Sooth Africa 
P—Portugal 
PE—Palestine* 

Q—Cuba 
R—Argentina 

8—Scandanavia (Denmark, Finland, Sweden) 
SR—Republic of Salvador 
U—United States 
Y—Urn sway 
Z—New Zealand 

•These intermediates have been self-assigned 
and are unofficial. They are in more or less 
general use, however. 


instituted in the United States and call 
areas were initiated. About the same 
time, this happened in other countries. 
After the end of World War I, when 
Amateurs returned to the air, the situ¬ 
ation was much clearer. In Europe, an 
agreement between countries as¬ 
signed numbers to various countries 
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Table 3. "New" international intermediates (reprinted from QST, January, 1927). 

64 QST January, 1927 

NEW INTERNATIONAL INTERMEDIATES, EFFECTIVE 0000 G.M.T., FEB. 1, 1927. 


EUROPE 

EA—Austria 
EB—Belgium 
EC—Czechoslovak i» 

ED—Denmark and Faroe Ids. 

EE—Spain and Andorra 

EF—France and Monaco 

EG—Great Britain and Northern Ireland 

EH—S witcerla nd 

El—Italy 

EJ—J ugo-Slavl* 

EK—Germany 

EL—Norway. Spitsbergen and Franz Josef Land 
EM—Sweden 
EN—The Netherlands 
EO—Irish Free State 

EP—Portugal. Madeira Ids., and the Azores 
EQ—Bulgaria 
ER—Rumania 
ES—Suomi (Finland) 

ET—Poland, Esthonia, Latvia, Courland and 

Lithuania 

EU—U. S. S. R. ('‘Russia"), including Ukraine 
EV—Albania 
EW—Hungary 
EX—Luxemburg 
EY—Greece 

E2—Zone of the Straits 

ASIA 

AA—Arabia 
AB—Afghanistan 

AC—China (including Treaty Porta), including 
Manchuria, Mongolia, and Tibet. 

AD—Aden 
AE—Slam 

AF—French Indo-China 

AG—Georgia, Armenia and Azerbaijan 

AH—Hediaz 

AI—India (and Baluchistan) and Goa 
AJ—Japan and Chosen (Korea) 

AK—(Unassigned) 

AL—(Unassigned) 

AM—Federated Malay SUtes (with Straits Settle¬ 
ments ) 

AN—Nepal 

AO—Oman 

AP—Palestine 

AQ—Iraq (Mesopotamia) 

AR—Syria 

AS—Siberia, including "Central Asia* 

AT—Turkey 
AU— (U n assigned) 

AV—(Unasaigned) 

AW—(Unasslgned) 

AX—(Unasaigned) 

AY—Cyprus 
AZ—Persia 

NORTH AMERICA 

NA—Alaska 
NB—Bermuda Id. 

NC—Canada, Newfoundland and Labrador 
ND—Dominican Republic 
NE— (Unasaigned) 

NF—Bahama Ids. 

NG—Guatemala 
NH—Honduras 
NI—Iceland 
N J—Jamaica 
NK—(Unasaigned) 

NL—Leaser Antilles 

NM—Mexico 

N N—Nicaragua 

NO—British Honduras 

NP—Porto Rico and Virgin Ids. 

NQ—Cuba and Isle of Pines 
NR—Costa Rica 
NS—Salvador 
NT—Haiti 

NU—United States of America 
N V—(Unassigned) 

NW—(Unasaigned) 

N X—■Greenland 


NY—Panama 
NZ—Canal Zone 

SOUTH AMERICA 

SA—Argentina 

SB—Brazil, Trinidad Id., and St. Paul Id. 

SC—Chile 

SD—Dutch Guiana 

SE—Ecuador and Galapagos Archipelago 
SF—French Guiana 
SG—Paraguay 
SH—British Guiana 
SI—(Unassigned) 

SJ—(Unassigned) 

SK—Falkland Ids. and Falkland Dependencies 
SL-—Colombia 
SM—(Unassigned) 

SN—Ascension Id. 

SO—Bolivia 

SP—Peru 

SQ—(Unassigned) 

SR— (Unaasigned) 

SS—(Unassigned) 

ST—(Unassigned) 

SU—Uruguay 

SV—Venezuela and Trinidad 
SW—(Unassigned) 

SX—(Unassigned) 

S Y— (U nassigned) 

SZ—(Unassigned) 

AFRICA 

FA—Abyssinia 

FB—Madagascar, Reunion Id.. Comoro Id., etc. 

FC—Belgian Congo, Ruanda, Urundi 
FD—Angola and Kabinda 
FE—Egypt 

FF—French West Africa, including Frehch Sudan, 
Mauritania, Senegal. French Guinea, Ivory 
Coast, Upper Volta, Dahomey, Civil Ter. of the 
Niger, French Togoland, etc. 

FG—Gambia 

FH—Italian Somaliland 

FI—Italian Libya (Tripolltania and Cyrenaica) 

FJ—Somaliland Protectorate and Socotra 
FK—Kenya, Zanzibar Protectorate, Uganda. Anglo- 
Egyptian Sudan, and Tanganyika Territory. 

FL—Liberia 

FH—Tunisia, Algeria, Morocco (including the Spanish 
Zone), Tangier 
FN—Nigeria 

FO—Union of South Africa, Northern and Southern 
Rhodesia, Bechuan&land Protectorate, and 
Southwest Africa 

FP—Portuguese Guinea and Cape Verde Ida. 

FQ—French Equatorial Africa and Cameroona 
FR—Rio de Oro and adjacent Spanish Zones, Ifni, 
and Canary Ids. 

FS—Sierra Leone 
FT—Eritrea 

FU—Rio Muni (Spanish Guinea) and Fernando Po 
FV—French Somaliland 

FW_Gold Coast Colony. Ashanti, Northern Terri¬ 

tories and British Togoland 
FX—Seychelle Dependencies 
FY—(Unasaigned) 

FZ—Mozambique 

OCEANIA 

OA—Australia (and Tasmania) 

OD—Dutch East Indies* 

OE—Melanesia* 

OH—Hawaiian Ids. 

01—Micronesia* 

OO—Polynesia* 

OP—Philippine Ida. 

OZ—New Zealand 

• To be further partitioned when activity warrants. 
SHIP STATIONS 

Ship stations with amateur calls will place an X be¬ 
fore their usual Intermediate. E. g., Australian 3AA 
at sea, calling U. S. 1AW, would send "1AW NUXOA 
3AA" The reply would be "3 A A XOANU 1AW". 


56 O April 1987 





(see table 1.) By 1923, this system had 
been replaced by letters, and calls 
began to resemble those with which 
we're familiar today. An interesting 
identification scheme was adopted; 
these new "intermediates," as they 
were called, are listed in table 2. 

Viewed from today's perspective, 
the use of the intermediate, written as 
a lower case letter, seems strange. 
English 6Z0 would have had an inter¬ 
mediate call of g6ZO. But the inter¬ 
mediate wasn't sent with the call, but 
instead was combined with the inter¬ 
mediate of the station being called. For 
example, assume English 2SZ was call¬ 
ing New Zealand 4AA. The call se¬ 
quence would have gone like this: 4AA 
4AA 4AA zg 2SZ 2SZ 2SZ. When 4AA 
replied to 2SZ, the sequence was: 2SZ 
2SZ gz 4AA 4AA. 

This didn't lead to rapid, simple 
exchanges of QSOs, but it was a step 
in the right direction. 

By 1927 the International Amateur 
Radio Union started a serious program 
to straighten out the international iden¬ 
tification of Amateur calls. A new list 
was formed (table 3). The first letter 
of the prefix denoted the continent and 
the second the country. The cumber¬ 
some intermediate scheme still was 
used, but some hams were signing 
their call and intermediate together and 
using the French word "de" (from) be¬ 
tween the call of the sending station 
and the station being called, much as 
is done today. 

The United States intermediate "U" 
was replaced with "NU." Shortly 
thereafter, the Government started is¬ 
suing full calls with the prefix letter 
"W" denoting the United States, as 
determined by the International Tele¬ 
communications Union. The old inter¬ 
mediate system faded into oblivion: 
government assigned prefixes were in 
use, and the intermediate "de" was 
accepted by Amateurs worldwide. 

It wasn't an easy task to arrive at in¬ 
ternationally accepted call letters. As 
I said, what seems so simple now was 
very complex in the early days. 

Some old timers have lived through 
all the call letter changes. The famous 
call AC4YN was in use until the post¬ 
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AT 
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fig. 2. "Butterfly Loops" placed at high potential points along harmonic antenna lower 
harmonic resonance with little effect upon fundamental frequency resonance. 


war period when China took over con¬ 
trol of Tibet. The old prefix "FB," for 
Madagascar, was in use until that 
country achieved independence from 
France. 

So the next time you hear an un¬ 
usual prefix on the band, you can 
appreciate the years of trial-and-error 
effort that went into establishing a 
workable call sign system. 

wire multiband antennas 

It's well known among Amateurs 
that a center-fed dipole antenna will 
work (almost) on its third harmonic. 
Some hams have had good success 
using a 7-MHz dipole on the 21-MHz 
ham band. Unfortunately, because of 
end effects, the dipole isn't exactly res¬ 
onant at the third harmonic, but at 
some frequency slightly above it. Thus 
a dipole cut for 7.1 MHz will be reso¬ 
nant at a frequency higher than the 21 


MHz band. For resonance on the third 
harmonic, the wire should be 68.46, 
not 66 feet long (fig. 1). The general 
formula for a harmonic antenna is: 


Length (feet) = 


492 (N - 0.05) 
f (MHz) 


where N is the number of half waves 
in the antenna. 

This formula holds true when the 
antenna is a straight wire. But what 
happens when the wire is bent back 
upon itself? Or, what happens when 
the wire is artificially loaded for har¬ 
monic resonance? 


harmonic "loading" 

Let's take the case of the 7-MHz di¬ 
pole (fig. 2). As is, its fundamental res¬ 
onance is 7.1 MHz. Its third harmonic 
resonance is 21.95 MHz. The problem 
is to load the antenna to a lower fre¬ 
quency in the 21-MHz region without 
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disturbing its resonance in the 
40-meter band. This can be done by 
attaching "butterfly loops" at the high 
voltage points in the antenna cor¬ 
responding to 21 MHz operation. The 
loops will have little, if any, effect on 
7-MHz operation. The size of the loops 
must be determined experimentally, 
and they should be equal in size. The 
loop need not be round — almost any 
shape seems to work, and resonance 
is adjusted by changing the shape and 
size of the loop. I made my loops out 
of No. 12 enamel wire, with a diameter 
of about 1 foot. The loops were 
attached to the flat-top temporarily by 
means of small copper battery clips. 
After loop placement was adjusted for 
resonance at 21.2 MHz, the loops were 
soldered permanently to the antenna 
wire. I varied the loop diameter sever¬ 
al times before I finally hit resonance 
(as determined by an SV.'R meter) at 


my chosen frequency in the 15-meter 
band. 

Another situation where this idea 
would work is the case of a 10-MHz 
dipole, whose third harmonic reso¬ 
nance is well above 30 MHz. It should 
be possible to place loading loops at 
the 10-meter high voltage points in the 
flat-top to bring antenna resonance 
within the 10-meter band. Someday 
I'm going to try this interesting an¬ 
tenna. If you hear me, you'll know the 
scheme works! 

another two-band antenna 

I have an experimental license 
(KM2XDW) for conducting tests on 
18 MHz. Although most of the time 
I've used a dipole antenna, I've re¬ 
cently experimented with half-waves in 
phase, as shown in fig. 3. The old 
reliable "two half-waves in phase" de¬ 
sign has been used for many years; un¬ 


fortunately such an antenna cut for 18 
MHz just wouldn't fit into the restrict¬ 
ed space in my backyard. The solution 
was to make the flat-top shorter and 
increase the length of the folded cen¬ 
ter section. This section acts some¬ 
what in the manner of a matching 
transformer, allowing the antenna to 
be fed with a 1-to-1 balun and a coax 
line. 

The antenna, cut to fit the space, 
and its dimensions are shown in the 
drawing. Interestingly, it was found 
that the antenna also exhibited reso¬ 
nance in the 10-meter band! By luck, 
the total wire length in the antenna 
was just about 1-1/2 wavelengths on 
10 meters. The VSWR curves for 18 
and 28 MHz are given in fig. 4. Using 
the formulas given in fig. 3, the an¬ 
tenna may be cut for any two frequen¬ 
cies that have the ratio of 1.57 to 1. 
Thus, an antenna cut for 14 MHz will 
also present a second resonance at 14 
x 1.57 = 21.98 MHz. That's a little too 
high in frequency to be of practical 
use, but by adding butterfly loops at 
the high voltage points on the wire for 
the harmonic frequency, that reso¬ 
nance can be lowered to the 21-MHz 
band with little, if any, effect on 
14-MHz operation. 

general case 

These antenna examples show that 
by changing the shape of a long wire, 
and by adding capacitance at the high 
voltage points at a harmonic fre¬ 
quency, the higher resonance point 
may be moved about. The idea that 
resonances in a long wire fall only at 
approximate multiples of the fun¬ 
damental frequency applies only when 
the wire lies in a straight line. In addi¬ 
tion, the harmonic resonant frequency 
determined by the configuration of the 
wire can be further manipulated by 
proper application of capacitance 
loops. If you want a simple multiband 
antenna, center-fed with a coax line, 
you can run your own experiments 
along the lines of those shown here. 
Armed with an SWR meter and a 
notebook for keeping records of your 
experiments, the sky's the limit! 

ham radio 
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INTERNATIONAL TIME ZONES 


YOU ALREADY OWN 75% OF A 
COLOR VIDEO STATION 



It’s true. With your transceiver, antenna, television set and 
audio tape recorder, you already have 75% of what’s 
required to receive and 
color video world-wide! 


Adda I robot | "Video Transceiver 
and your station is complete. 


Thousands of amateur video operators around the world are 
exchanging beautiful color images every day. Whether your 
favorite mode is SSB or FM or AM—direct, via repeater or 
satellite—you can join in 
the high-tech fun with¬ 
out modifying your 
present equipment. Just 
add a Robot to your 
station! 


|bbbdt| 


ROBOT RESEARCH, INC. Address. 


Please send me the following Robot equipment. I understand that If I am 
disatisfied for any reason. I can return the unit and receive a full refund. 

□ 1200C high resolution video transceiver $1295 

□ 450C standard resolution $795 

□ 400C upgrade kit $395 

□ More Information 


Name. 


. Call. 


164 


7591 Convoy Court 
San Diego, California 99111 
Phone (619)279-9430 


City__Zip- 

□ COO 

□ Enclosed check or money order $_ 

□ MC □ VISA • _Exp. Date: 
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LARGEST HAM OUTLET IN THE WORLD 


STORE BUYING POWER 


KENWOOD TS-940S 


KENWOOD 

R-5000 


TOP-OF-THE LINE 
HF TRANSCEIVER 

GREAT PRICE, CALL 


KENWOOD 


TM-3530A 


The First Comprehensive 
220 MH/ FM Transceiver 

ARE YOU READY FOR 
220 MHz OPERATION? 


• Updated novice-vwce questions 

• 6 stereo code & theory cassette tapes 

• 2 text books code oscillator. Key & battery 

• Color Ham Bands wall chart & frequency list 

• Sealed novice exam lor a Ham tnend to grw you the 
code & theory test m *xji home 

• FCC license application lorms & instructions to your 
examiner Ideal for spouse A the kids! 

$49.95 


H MA-40 

40 TUBULAR TOWER 

4245 SALE! $549 

MA-550* 

55’ TUBULAR TOWER 

* 13 4 6 SALE! $899 

• Handles 10 sq II at SO mph r 
• Pleases neighbors with ^ 
Cl tubular streamlined look 

•TX-455 

>j 55 FREESTANDING 
A CRANK-UP 

• Handles 18 sq It at 50 mph V 

• No guying required _ ££ 

A • Extra-strength Construction 

jbx. • Can add raising and motor k 
drive accessories 

MAPI* lotor M« 

IN STOCK FOR QUICK DELIVERY 
OTHER MODELS AT GREAT PRICES 


hy-gain\ 

CRANKUPSALE! 

Single Strength 

(handles 9 sq. ft.) 
HG37SS - 37' Tower 
HG52SS - 52' Tower 

Heavy Duty 

(handles 16 sq. ft.) 
HG54HD - 54' Tower 
HG70HD - 70' Tower 


• All steel 

• Includes base & rotor 
plate 

• No guying required 

• Hot dtp galvanized 

• Accessories available 

CALL FOR PRICE! 


High Performance Receiver 

• 

• S;»l« r.. - ilyM.itl 

• •• j.i/.'i ont'i ' 

LOW PRICE! 


kmiKSllDJ 


FT-727R 

5w. Dual Band 
2m/440 MHz 

Enhanced Version 
Now Available! 

GREAT PRICE! 


30w in. 160 * out 
with iow-not»« 
preamp' 


MODEL 
2M30-160P 
for 2 maters 


$219.95 

From the Originator of the 
OUAUTY VHF AMP/PREAMP COMBO! 


Full Line Now Includes 
UHF Models with 

QaAs FET PREAMP! 


All Major Brands in Stock Now! 
CALL TOLL FREE (800) 854-6046 

Toll Iree including Hawaii Phone Hrs 7 00 am lo 530 p m Pacific Time California. Arizona and Georgia customers call or visit nearest store 
California Arizona and Georgia residents please add sales lax Prices specifications descriptions sublet lo change without notice 


60 Q3 April 1987 
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UTLET : 

LARGEST HAM OUTLET IN THE WORLD 
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STORE BUYING POWER 


ICOM IC-R71A 


®. O.Ql ‘ ■ C.CB 


Superior Grade General 
Coverage Receiver 

SALE! CALL FOR PRICE 


E3 icom V 

IC-28A/28H > 


El ICOM ( 

IC-275A/275H 




B3 ICOM IC-1271A 










-*rv 

" - 



1 

0 



1.2 GHz Transceiver: 

The First Full-teatured 
1240-1300 MHz Transceiver 

ARE YOU READY FOR 
1.2 GHz OPERATION? 


NOW! RAPID DELIVERIES 



Era ICOM 

k _ . I 


HAND-HELD 

VHF/UHF 


2-METER MOBILES 

IC-28A (25w) IC-28H (45w) 

LOW PRICE! 


O ICOM 


COAST 
TO COAST 


FROM STORE NEAREST YOU 


Era ICOM IC-R7000 



IC-02AT 

IC-2AT 

IC-03AT 

IC-3AT 

IC-04AT 

IC-4AT 






um 



Era icom 

\C-fj2A//j2&T 


The Latest in ICOM's Long 

25 MHz-1300 MHz 

Line of HF Transceivers 

IN STOCK FOR 

CALL FOR LOW. LOW PRICE 

IMMEDIATE DELIVERY 




Mini 

Hand-Held 

^ AT Model 
w/ TT Pad 

GREAT 

PRICE! 



All Major Brands in Stock Now! 


Bob F«rr»ro W6RJ 

President 

Jim Rafferty N6RJ 

VP So Calil Div 
Anaheim Mgr 


ANAHEIM. CA 92801 

2620 W La Palma 

(714) 761-3033. (213) 860 2040 

Between Disneyland & 

Knolls 04*i iy Farm 

ATLANTA, GA 30340 

6071 Buford Hwy — 

(404 1 263 0700 CHFfc 

Neil Mgr KC4MJ 
Ooraville 1 mi north ot 1-285 


BURLINGAME. CA 94010 

999 Howard Ave 
(415) 342 5757 
George Mgr WB6DSV 
5 miles south on 1Q1 from SF0 
OAKLAND. CA 94606 
2210 Livingston si 
(415) 534 5757 
Al Mgr WA6SYK 
1/N-5tn Ave / 1/S ibth Ave 


PHOENIX, AZ 85015 

1702 W Camelback Rd 
(602) 242 3515 
Bob K7RDH 
East oi Hwy t7 

SAN DIEGO, CA 92123 

5375 Kearny Villa Rd 

(619) 560 4900 

Tom Mgr KM6K 

Hwy >63 & Claremont Mesa Blvd 


VAN NUYS. CA 91401 

6265 Sepulveda Blvd 
10181988-2212 
Al Mgr K6YRA 
San Diego Fwy 
al Victory Blvd 

STORE HOURS 
10 AM-5:30 PM 
CLOSED SUNDAYS 


m 

F VMikr* 

.&■ 


CALL TOLL FREE (800) 854-6046 

Toll tree including Hawaii Phone Hrs 7 00 am lo 5 30 p m Pacilic Time Calilornla. Arizona and Georgia customers call or visit nearest store 
J Calilornla, Arizona and Georgia residents please add sales lax Prices specifications descriptions subiecl lo change without notice 
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PERFORMANCE 
AND VALUE 

WITHOUT COMPROMISE 


KRP-5000 

REPEATER 
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W6SAI BOOKS 

published by Bill Orr, W6SAI and Stu Cowan. W2LX 


BEAM ANTENNA HANDBOOK 

Completely revised and updated with the latest computer generated mlotrna 
non on BE AM Antenna design Covers HF and VHF Yagis and 10. 18 and 24 
MH/ WARC bands Everything you need to know 204 illustrations 268 
pages 1985 Revised 1st edition 

RP BA Soltbound S9.95 


SIMPLE LOW-QOST WIRE ANTENNAS 

Primer on how to build simple low cost wire antennas Includes invisible 
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a three-tube 

4CX250B linear amplifier 


Who says 
nobody builds 
any more? 

I had considered building a 2-meter linear amplifier 
using three 4CX250B tubes for some time. Initial calcu¬ 
lations indicated that I could achieve good performance 
if I could simply translate a design on paper into an actual 
working unit. 

To simplify the design effort I wrote a computer pro¬ 
gram that would perform precise calculations and simu¬ 
lations of plate and grid line operation for various oper¬ 
ating conditions such as different plate voltages and 
currents, tight or loose coupling with the antenna, or 
reactive antenna impedances. Doing this yielded opti¬ 
mum Qs and efficient line values. 

Many hams and clubs in Yugoslavia were interested 
in the design. Sketches were copied and distributed, and 
amplifiers built and tried. The initial design worked as 
planned. Modifications have since been incorporated; 
this article decribes the best and final design. Several 
other published designs were checked against the com¬ 
puter program and found not to be optimum. 

three tubes in parallel 

This amplifier uses three tubes in parallel in which the 
screen is at both DC and RF ground potential. Many 
hams who have tried to build around the4CX250B have 
given up because of the unavailability or cost of the sock¬ 
ets. Grounded screen operation offers a viable yet in¬ 
expensive alternative, provides stable operation, and 
requires no sockets. 

Though the mechanical layout may seem primitive to 
the sophisticated VH F builder, it's really simple and ef¬ 
ficient. Tube replacement is somewhat more difficult 
than with sockets, but it can be done quickly once you 
get used to it. 


voltages 

A schematic of the completed amplifier is shown in 
fig. 1 . 

The cathode is at -350 volts and the grid at -400 
volts with respect to the screen (remember, it's ground¬ 
ed). To simplify the power supply design, voltage¬ 
dropping resistors (68k, WOW) and zener diodes are 
used. Additional protection is provided by slow-blow 
fuses. The plate voltage should not exceed 2.5 kilovolts 
unloaded and no less than 2.1 kilovolts loaded. 

It's useful to include as many meters as possible — but 
if you choose not to, make sure that at least the plate and 
screen current are independently monitored. 

Considering the relatively high voltage on the cath¬ 
ode, the filament transformer secondary should be well 
insulated from ground. One of the secondary leads is 
soldered directly to the tube pins and the other via a 
necessary RF choke. 

RF section 

The plate line is a quarter-wave section of stripline that 
is directly grounded at one end and connected to the 
tubes via a plate blocking capacitor, C 0 (see fig. 2 for de¬ 
tails) . The quality, values, and placement of these capac¬ 
itors are critical and should be carefully considered. The 
following conditions must be satisfied: 

• high capacitance value resulting in less than one ohm 

of capacitive reactance 

• high Q 

• placement close to the tubes 

The blocking capacitors used in this design consist of 
two metal plates with a teflon (PTFE) dielectric. The low¬ 
er plate is grounded (plate strip L a ) while the other is con¬ 
nected to the tube plates. I used teflon foil which 
measured between 0.3 and 0.5 mm in thickness and was 
perfectly smooth, with neither cracks nor slots. The up¬ 
per metal sheet is extended up to the grounded side of 
the plate line, thereby increasing capacitance and aid- 

By Dragoslav Dobricic, YU1AW, St. Supljikca 
105/8. 26000 Pancevo, Yugoslavia. 
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ing in rf/dc isolation. An enlarged view is shown in fig. 
3. Plate voltage is supplied through an RF choke to the 
location of lowest RF potential (almost zero). This im¬ 
proves amplifier stability while maintaining good RF/DC 
isolation. 

Capacitor C5 (a section of single-sided glass-fiber PC 
board) is glued to the plate compartment wall and acts 
as a feedthrough capacitor. High voltage is introduced 
by means of a BNC connector. No additional steps are 
necessary to prevent feedback of the R F signal into the 
power supply. 

As shown in fig. 4 and photo A, there's an "ear" on 
both sides of the resonator, i.e., C4 and C5 stator plates. 
Rotor plates are soldered to the central pin of a female 
N connector (for C4) and grounded (for C5). Plate sepa¬ 
ration — and consequently capacitance — can be 
changed mechanically by adjusting a length of fishing 
line wrapped around a shaft made of brass or some in¬ 
sulated material. 

The grid line is a half-wave 70-ohm impedance strip¬ 
line used instead of the quarter-wave line because input 
capacitances are rather high (see fig. 5 and photo B). 


An air-variable capacitor, C2, at the end of the line pro¬ 
vides the resonant tu ning control. Drive power is applied 
through Cl and bias is fed via a 68-ohm resistor at the 
point of minimum RF voltage. Using a resistor instead 
of a choke reduces the amplifier's tendency to oscillate. 
A resistor should always be used when high gain tet¬ 
rodes are employed. 

Grid connections are all soldered to the input strip 
through three small holes. Cl is connected to the input 
BNC connector with a length of coaxial cable with its 
plastic jacket removed (see fig. 6). 

Cathode pins on the4CX250Bsare2,4,6, and 8. They 
should be connected together with a piece of copper 
strip the same width as the pin length. All number3 pins 
should also be connected together and soldered to the 
cathodes. This places all cathodes and one side of all fila¬ 
ments at the same potential. Pin 1 is connected to the 
screen ring and can be used as a ground contact. Capaci¬ 
tor Ck should be connected between pins 1 and 2 using 
the shortest possible leads. Capacitor Cf should be con¬ 
nected between the remaining filament contact (pin 7) 
and pin 6 or 8. Pin 5 should not be used at all. 
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construction 

Dimensions and details for the fabrication of the upper 
and lower plate, teflon spacer, grid line, and capacitors 
C3 and C4 are shown in fig. 7. 

The amplifier cabinet is made from aluminum and has 
separate grid and plate compartments (photo C). Ven¬ 
tilation holes in the plate between the two compartments 


permit air flow; air enters the grid compartment, is 
brought up to cool the plates and then exhausted 
through homemade teflon chimneys. 

Though the air flow path is rather long, there is a 
negligible drop in air pressure along the way compared 
to that experienced at the plate's cooling fins. The 
4CX250B tubes require a good-sized squirrel cage blow¬ 
er to overcome this pressure drop (photo D). In addi- 
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fig. 2. Method of grounding bottom plate line is shown on the right. 


CHIMNEY - 
MADE FROM 
TEFLON SHEET 



UPPER PLATE 


TEFLON SHEET 


BRASS SHEET, tmm THICK 


COPPER STRIP ^ 
SOLDERED TO PINS 


-SOLDER CONNECTION 


fig. 3. Clamping effect of brass sheets secures tubes. The hole pattern for the three tubes is shown in the inset. (Metric 
dimensions are provided; see page 72 for metric-English measurement conversion table.) 















STATOR 


STATOR 


SCe DE TAIL 'A' 


HOOK 


FISH LINE 


- CR3 NOT 
CONNECTED AT 
BOT TON 


OUTPUT 


SHAFT 


SHAFT 


TEFLON BLOCK 


brass sneer 

I THICK. 4 Pl ACES 


fig. 4. Side view illustrates C3 and C4 rotor/stator construction and attachment 


DETAIL “4 


tion, good sealing between the aluminum plates is 
needed to prevent leaks and subsequent loss in air pres¬ 
sure. Holes between compartments should be round 
rather than slotted because elongated holes could be¬ 
come slot antennas, causing oscillation as a result of 
plate/grid coupling. 

The plate line resonator (lower plate) is joined to the 
shield with brass screws. Good bonding is essential be¬ 
cause of high currents at this location, so be sure to use 
as many screws as specified The upper and lower parts 
of the plate line are held in place with slotted teflon blocks 
that fit it securely to the resonator. 

The tubes are mounted in the pre-drilled holes in the 
shield with the diameter chosen according to the screen 
ring dimensions. The screen ring is slightly larger than 
the ceramic body and good RFand DC contact is made. 
Each tube is secured at four locationsand a single piece 
of brass is used to clamp adjacent tubes. To remove the 


Photo A. Capacitance variation is achieved by mechanically 
adjusting length of fishing line. 


tubes, reverse the procedure by loosening the clamps 
and rotating them 90 degrees. Do not apply too much 
pressure on the tubes because the screen ring could be 
damaged. 

Plate chimneys are fabricated from thin teflon sheet 
rolled and clamped to fit the plate radiator diameter (see 
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Kantronlca All Mode 
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• RS-232/TTL, Universal Compatablllty 
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220 MHZ MOBILE FM 
TRANSCEIVER 
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• 7-Diglt Telephone No. Memory 
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• 144-144 MH/ Transmit 
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• Zmc-Aiummum Alloy Case 
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New 'super handle” 


IC-751A 


Can you put a price tag on 
reliability 7 Now ICOM offers a 
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HF Transceivers & Receivers 
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• QSK (Nominal Speed 40 WPM) 


IC-38A 
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MFJ-1274 
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• Precision Tuning Indicator 

• AX .25 Level 2 Version 2 Software 

• TTL Serial Port 

• More! 
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NEW PRIVILEGES? CALL US FOR 
THE UP-TO-THE-MINUTE INFORMA¬ 
TION AND ASSISTANCE WITH YOUR 
GEAR. 
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PK 232 


• Make any RS-232 compatible computer 
or terminal a complete digital operating 
position. 

• Morse, Baudot, ASCII, AMTOR, Packet 

• Loaded with features. 


• RS7A 

$48 

• RS12A 

$68 

• RS20A 

$88 

• RS20M 

$105 

• VS20M 

$125 

• RS35A 

$133 

• RS35M 

$149 

• VS36M 

$165 

• RS50A 

$189 

• RS50M 

$215 
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$219 

• VS50M 
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Photo B. Bottom view of grid compartment illustrates major 
component placement. Tube sockets are on the left. 


Photo C. Front view of 2 meter linear shows essentials are 
all there: input, tuning, and exhaust. 


photo E). An even less expensive solution would be 
to use paper heavy enough to withstand the expected 
temperatures. The plates can be connected to the plate 
resonator using finger stock or other material. The most 
important requirement is that good electrical contact is 
made. 

adjustments 

Switch on the amplifier in the following sequence. 
Turn on the filament voltage, bias voltage, and blower. 


Aftera 1-minute warm up, apply screen and plate volt¬ 
age. If hash is heard in the receiver with the amplifier in 
standby mode (all voltages on), increase the bias volt¬ 
age to 90 volts or more (negative). The bias voltage 
is normally adjusted for an idling plate current of 50 m A 
per tube. 

Carefully increase the drive power while adjusting Cl 
and C2 for a plate current peak. Adjust C3 for a screen 
grid current peak, then repeat the first two steps with in¬ 
creased drive power. Adjust C4 for a final screen grid cur¬ 
rent of 8 mA per tube. 
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perature. Made in the USA and backed 
by a 3-year warranty, the new Fluke 77 
is the world's first handheld meter to 
combine analog and digital displays 

For a tree brochure or the distributor 
nearest you. call toll-free 1-800-227-3800, 
ext. 229. Or write John Fluke Mtg Co. 
Inc. P0 Box C9090. Everett. WA 98206 
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fig. 7. Dimensions are provided for constructing upper, lower plate, teflon insulating sheet, grid stripline, and C3, C4 rotor 


Thefinal adjustments can be done by keying the am¬ 
plifier with a series of dots (using an electronic keyer). 
This allows maximum drive voltages to be applied with¬ 


out exceeding maximum power dissipation levels. All 
meters should indicate approximately 35 percent of max¬ 
imum value. Negative screen grid current means that the 
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Photo D. Rear view of amplifier reveals same basic simplici¬ 
ty and effectiveness of construction. 



Photo E. "'Before” and "after" views of chimney placement 
for the 4CX250B"s. 

drive power is too low and/or that the amplifier is too 
tightly coupled to the antenna. 

single-tube SSB and CW ratings 

At the ratings shown below, fm, a m, RTTY, and 
SSTV operation are not recommended. 


V B 1 

= - 65 volts 

V 

= 350 volts 

v p 

= 2.4 kV 

'g 1 

15 mA (max) 


Ig2 = 8mA (max) 

l p = 50mA (idle) 

Ip = 400mA (max) 

Pout = 650 watts (max) 

Pj n = 960 watts (max) 

Pdiss = 300 watts (max) 

Rl = 3.1 kilohms 

Efficiency = 68 percent 

If all three tubes are closely matched, expect a tripling 
of output power and all currents. Equal power sharing 
(output) can be verified by measuring the temperature 
of air leaving the chimneys. If there appears to be an im 
balance, increase idling current; the inequalities should 
become even more obvious. 

determining component values 

Computer simulation determined that the values of 
the following capacitors at resonance should be as 
follows: 

Cl = 35 pF C3 = 3 pF 
C2 = 10 pF C4 = 5pF 

Low losses, broad bandwidth, small temperature 
detuning, low RF voltages on the tube (resulting in 
longer life and little possibility of flashovers), and broad 
plate tuning make this a practical design. Note that all 
calculations were based on Eimac tube data and differ¬ 
ences may occur if other manufacturers' tubes are em¬ 
ployed. 

Another useful feature of this amplifier is its low driv¬ 
ing power requirement. Low cathode stray lead induc¬ 
tances help to reduce the drive requirements. It's pos 
sible to achieve between 1 and 2 dB of additional gain 
if a special effort is made to resonate (series) the value 
of Ck with the stray cathode lead inductances. It actu¬ 
ally becomes necessary if you are drive-power limited. 

additional hints 

• Use as many screws as possible to join the cabinet to 
gether in order to reduce rf leakage. 

• Use a type N — not an S0239 — for the output con¬ 
nector. 

• Plate voltage may be supplied through a BNC connec¬ 
tor and RG-58. 

• Any departures from the dimensions called out on the 
drawings could result in degraded amplifier per¬ 
formance. 

• The plate line should be cut from brass or copper sheet 
1 mm thick and should be silver-plated, if possible. 

• Both of the ZX180 zener diodes (180 volts, 12 watts) 
are mounted on heat dissipation devices. 

• Other combinations of zener diodes or tube voltage 
regulators may be used to provide a regulated + 360 
volts. 

• Resistor R3 (2.2 k) acts like a fuse, delivering bias if the 
"slowblow" 0.1 A fuse is blown. 
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• Only $45.00 per year (52 weekly issues) 
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Conversion table for dimensions mentioned in art for this 

project. 


millimeters 

inches 

0.3 

.012 

0.5 

.01 9 

1.0 

.039 

1.5 

.059 

2.0 

.079 

5 

.197 

10 

.394 

15 

.591 

28 

1.102 

30 

1.181 

40 

1.575 

41 

1.614 

45 

1.772 

50 

1.969 

60 

2.362 

70 

2.756 

10 5 

4.134 

155 

6.102 

160 

6 299 

180 

7.087 

21 5 

8.465 

235 

9.252 

245 

9 646 
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LOW BAND DX-ING 
COMPUTER PROGRAMS 
by John Devoldere, ON4UN 
for Apple lle/c, MS-DOS, 

Commodore C-128 Apple Macintosh 
and Kaypro CPM Computers 

Here’s a collection of 30 super programs written 
by ON4UN. Just about every interest or need is 
covered—from antenna design and optimization 
to general operating programs. Antenna pro¬ 
grams include: shunt and series input L network 
design, feedline transformer, shunt network 
design, SWR calculation, plus 11 more! General 
Ham programs include: sunrise/sunset, great 
circle distances, grayline, vertical antenna de¬ 
sign program, sunrise calendar plus 9 more! 
Phew. When you sit down to use these programs 
you’ll be amazed at what you have. Super value 
at a super low price. The best value in computer 
software available today. ® 1986. 

[ lUN-Apple lle/c $19.95 

t IUN-MS (MS-DOS) $19.95 

L lUN-CPM/Kaypro $19.95 

L JUN-C-128 (COMMODORE) $19.95 

L IUN-MAC (MACINTOSH) $24.95 

*v7sT Please enclose $3.50 for 
shipping and handling 

radio— bookstore 

Greenville, NH 03048 
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ASTRON POWER SUPPLIES 

• HEAVY OUTY • HIGH QUALITY • RUGGED • RELIABLE • 

RS and VS SERIES 

SPECIAL FEATURES 

• SOLID STATE ELECTRONICALLY REGULATED 

• FOLD-BACK CURRENT LIMITING Protects Power Supply 
from excessive current & continuous shorted output 

• CROWBAR OVER VOLTAGE PROTECTION on all Models 
except RS-4A 

• MAINTAIN REGULATION & LOW RIPPLE at low line 
input Voltage 

• HEAVY DUTY HEAT SINK • CHASSIS MOUNT FUSE 

• THREE CONDUCTOR POWER CORD 

• ONE YEAR WARRANTY • MADE IN U.S.A. 


PERFORMANCE SPECIFICATIONS 

• INPUT VOLTAGE 105-125 VAC 

• OUTPUT VOLTAGE: 13 8 VDC ± 0.05 volts 
(Internally Ad|ustable 11-15 VDC) 

• RIPPLE Less than 5mv peak to peak (lull load 
& low line) 



MODEL RS-50A 


RM-A Series 


MODU RM 3SA 



MODEL RS-50M 



MOOEL VS-50M 


If" X S'/e RACK MOUNT POWER SUPPLIES 




Continuous 

ICS* 

She (IN) 

Skipping 

Model 

Duty (AMPS) 

(AMPS) 

NXWXO 

Wt. (lbs.) 

RM 35A 

25 

35 

5'A x 19 x 12V? 

38 

RM 50A 

37 

50 

5Vi x 19 x 12V? 

50 

• Separate Volt and Amp Meters 




RM 35M 

25 

35 

5Vt x 19 x 12 V? 

38 

RM-50M 

37 

50 

5V« x 19 x 12V? 

50 


Continuous 

ICS 4 

Size (IN) 

Shipping 

MOOEL 

Duty (Amps) 

(Amps) 

HxWXD 

Wt (lbs) 

RS-4A 

3 

4 

3 s /. x 6 V? x 9 

5 

RS-7A 

5 

7 

3 s /. x 6 V? x 9 

9 

RS-7B 

5 

7 

4 7'/■» • 10’. 

10 

RS-10A 

7 5 

10 

4 x I'/i x 10 s /. 

11 

RS-12A 

9 

12 

4Vz x 8 x 9 

13 

RS-20A 

16 

20 

5 x 9 x 10’/t 

18 

RS-35A 

25 

35 

5x11x11 

27 

RS-50A 

37 

50 

6 x 13 s /. x 11 

46 


Continuous 

ICS' 

Size (IN) 

Shipping 

MODEL 

Duty (Amps) 

(Amps) 

HxWxD 

Wt (lbs) 

• Switchable volt and Amp meter 




RS 12M 

9 

12 

4'/2 X 8 x 9 

13 

• Separate Volt and Amp Meters 




RS-20M 

16 

20 

5 x 9 x 10V? 

18 

RS35M 

25 

35 

5x11x11 

27 

RS-50M 

37 

50 

6x 13 3 /. x 11 

46 

• Separate Volt and Amp Meters 

• Output Voltage adjustable Irom 2-15 volts 




• Current limit adjustable Irom 1.5 amps to Full Load 




Continuous Duty 

ICS* 




(Amps) 

(Amps) 

Size (IN) 

Shipping 

MODEL 

@13IVDC«10VDC<3SV0C 

@13 8V 

HxWxD 

Wt (lbs) 

VS-20M 

16 9 4 

20 

5x9x 10’/! 

20 

VS-35M 

25 15 7 

35 

5x11x11 

29 

VS-50M 

37 22 10 

50 

6 x 13’/. x 11 

46 


RS-A SERIES 



MODEL RS-7A 


RS-M SERIES 



MODEL RS-35M 


VS-M SERIES 



MODEL VS-20M 


RS-S SERIES 



■ Built in speaker 



Conlinous 

ICS* 

Size (IN) 

Shipping 

MOOEL 

Duty (Amps) 

Amps 

H i W i 0 

Wl (lbs) 

RS7S 

5 

7 

4 x 7V5 x 10% 

10 

RS 10S 

7.5 

10 

4 x 7'/> x 10% 

12 

RS lOKFor LTR) 

7.5 

10 

4 9 13 

13 

RS 1?S 

9 

12 

4% x 8 x 9 

13 

RS20S 

16 

20 

5 x 9 x 10% 

18 


MODEL RS 12S 
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33 cm. update 

One year ago this column was de¬ 
voted to our newest UHF band, 33 cm 
(902-928 MHz). 1 Since that time, much 
has happened on this band, which is 
now just over 18 months old. Activity 
is growing fast, but more activity could 
really help popularize the band. 

Last year's column was intended to 
be an "entry level" article. In this 
month's column. I'll present further in¬ 
formation that will upgrade some of 
the circuits and the antenna described 
in the earlier article. I'll also discuss 
some commercial gear that has recent¬ 
ly become available. With luck, the 
new information will encourage in¬ 
creased activity by helping others to 
become active on one of our newest 
and most exciting UHF bands. 

latest activity 

Weak-signal operation on 33 cm has 
been reported in the W1, W2, W3, 
W4, W7, W9, WO, VE2, and VE3 call 
areas. (Did I miss anyone?) Most of the 
activity is reportedly on the calling fre¬ 
quency of 903.1 MHz, as recom¬ 
mended in last year's column. There 
are also several fm repeaters active in 
the upper portion of the band, two of 
which are in the W1 call area. A 
California and a Massachusetts ATV 
repeater have also been reported as ac¬ 
tive, so the band is obviously being 
used for purposes other than weak- 
signal operation. 

As a sign of acceptance of 33-cm 
contacts, the ARRL now counts 33-cm 
contacts separately for new multipliers 
and points in VHF/UHF contests. 33 
cm also has its own VUCC (VHF/UHF 
Century Club) award for those who've 
worked at least 25 grid squares on this 


band. Furthermore, the ARRL has an¬ 
nounced that the Spring Sprint con¬ 
tests this year will include a separate 
33-cm contest night. The tentative 
date is Friday, May 8, 1987 (7 to 11 
PM, local time). 

Several stations have also been ac¬ 
tive on portable expeditions. They've 
done quite well using low power (10 
watts) and single 12-foot loop Yagi an¬ 
tennas. I've been successful in work¬ 
ing only a few grids that way, so my 
total number of grids worked so far is 
a puny ten. However, while writing 
this month's column I heard that at 
least one ham has sent out several ac¬ 
tive "rovers" and worked the neces¬ 
sary 25 grids to claim the first 33-cm 
VUCC award. 

propagation 

Although initially some of us weren't 
sure what kind of propagation we'd 
experience on 33 cm, we expected it 
to be a blend of 70 (432 MHz) and 23 
cm (1296 MHz). I think most of us now 
active on the 33-cm band feel that the 
typical propagation is more like 70 cm 
for casual contacts. Stations using 10 
watts and a single 12-foot boom loop 
Yagi can easily cover a 100-mile range 
on SSB, with signal strengths as 
strong or stronger than can be antici¬ 
pated on 70 cm. 

Extended tropospheric propagation 
hasn't been well used because of the 
poor distribution of equipment availa¬ 
ble for 33 cm during the few openings 
this past year. The aurora, though ab¬ 
sent in recent months, should return 
within the next year or two as solar 
cycle 22 begins. This will afford the 
best opportunity for auroral QSOs 
above 450 MHz, presently the highest 
frequency at which two-way Amateur 


QSOs have been reported in this 
mode. 

Aircraft scatter propagation on 33 
cm seems to be as good or better than 
on 70 cm and more like the conditions 
experienced on 23 cm. 23 Several sta¬ 
tions have reported QSOs showing all 
the signs of aircraft scatter — a sud¬ 
den appearance of a signal, reasona¬ 
ble signal strength, some flutter, then 
a gradual decrease in signal strength. 
Aircraft scatter is possible to about 500 
miles, but 200 to 350 miles is near 
optimum. 

While I haven't received any reports 
of activity, this band is a natural for 
33-cm EME, since small-diameter (12 
foot) dish antennas should be suffi¬ 
cient for such communications. The 
lack of EME operation on 33 cm is 
probably attributable to the fact that 
few, if any, Amateurs are using high 
power (greater than 150 watts) ampli¬ 
fiers on the band. I'm sure this QRP 
situation won't last very long! 

As you know, I like to keep track of 
DX records on the frequencies above 
50 MHz. At the present time the best 
DX reported on 33 cm is a mere 377 
miles (606 km). 4 Let me know if you 
break this record. Once again, I believe 
this record will be broken before this 
column is in print. What a great chal¬ 
lenge we have on a new band! 

33-cm antennas 

As pointed out in last year's column, 
33 cm is a transitional band for anten¬ 
na design. Consequently, the loop 
Yagi is the most popular antenna type; 
it's easy to construct and has proved 
fairly successful. 

Reference 1 included a description 
of a 33-element loop Yagi design on a 
12-foot boom. This particular design is 
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FRONT VIEW 
OF ELEMENTS 



fig. 1. A recommended boom sup¬ 
porting scheme for a long boom loop 
Yagi antenna per reference 5. 


probably not fully optimized, since it 
couldn't be scaled from any of the 
original designs shown in reference 5. 
However, it does have moderate gain 
(greater than 18 dBi) and a reasonably 
clean radiation pattern, as evidenced 
by the fact that most of the active 
33-cm stations are using this or a simi¬ 
lar design. Down East Microwave* 
sells a 33-element, 33-cm loop Vagi, 
but I don't know whether it's this or 
another design. 

After a bit of head scratching on the 
subject of a simple approach for a 
higher gain antenna design, and a 
needle from Sam, W2PGC, I decided 
to build a 45-element loop Yagi scaled 
from the original 45-element, 23-cm 
optimized design described in refer¬ 
ence 5. This would require a boom 
length of 17 feet, 2 inches. 

After more thought about available 
materials and tubing sizes, I decided to 
use a 17-foot, 6-inch boom. The first 
part of the boom is the same length as 
the original design (12 feet) with the 
same diameter tubing (1 inch). A 
6-foot length of 7/8-inch tubing is then 
inserted 6 inches into the director end 
of the boom for an overall length of 17 
feet, 6 inches. 

With this longer boom length and 
smaller diameter tubing on the front 
end, the overall strength of the boom 
will be decreased. A larger diameter 
boom could be used, but that would 
be more expensive and increase wind 
load, which is already high on a loop 
Yagi design. Therefore, I recommend 
a boom supporting structure similar 
to the one described in reference 5. 
A simplified sketch of it is shown in 
fig. 1. 

Since there was a little extra boom 
available with a 5-foot, 6-inch exten¬ 
sion, I added another director, making 
the new design one of 46, rather than 
45, elements. The final design is 
shown in fig. 2; the driven element 
details are shown in fig. 3. This longer 
boom design uses the same element 
materials as the older 33-element 
design, with a slightly different ele¬ 
ment length taper schedule. 

The gain of the 46-element loop 
Yagi should be about 20.5 dBi, a big 


improvement over the 33-element de¬ 
sign. The beamwidth is approximate¬ 
ly 15 and 16 degrees in the E and H 
planes, respectively. Therefore, the 
recommended stacking distances per 
references 5 and 6 are 37 and 35 inches 
in the E and H planes, respectively. 

Finally, the original 33-element loop 
Yagi described in reference 1 was 
designed for 902 MHz. As a purist, I 
thought that the new longer boom 
model should be moved slightly higher 
in frequency. Hence the spacings and 
element lengths on the 46-element 
loop Yagi differ slightly from those on 
the original 33-element design. 

If anyone wants to extend the origi¬ 
nal 33-element design, I don't think it 
will matter much if the old spacing is 
maintained. All that will be necessary 
is to add the extra boom section and 
directors, placing them each 5.115 
inches further out from the preceding 
director. Don't forget to always refer¬ 
ence element spacings from reflector 
No. 2 in order to keep any tolerance 
buildup to a minimum. Also note that 
some of the director lengths of the 
original design should be changed as 
shown in fig. 2 if optimum per¬ 
formance is expected. 

Several Amateurs are developing 
experimental long boom (12 feet or 
longer) Yagi designs, but they'll need 
to wrestle with the problems of boom 
corrections and impedance matching 
— a formidable problem on the UHF 
bands. I'll let you know how success¬ 
ful I am with mine! 

Tonna Antennes (F9FT) has devel¬ 
oped a short (8 foot, 4 inch) boom, 
23-element Yagi. Marketed by The 
"PX" Shop,** it has a specified gain of 
18.2 dBi with a 21- by 22-degree E and 
H plane beamwidth, respectively. Ton¬ 
na Antennes circumvented the prob¬ 
lem of boom corrections by mounting 
the elements above the boom on spe¬ 
cially designed standoff insulators simi¬ 
lar to those on their 23-cm designs. 
The feed system uses a folded dipole. 

Needless to say, there will be some 


•Down East Microwave (W3HQT), Box 1655A, RFD 
No. 1, Burnham, Maine 04922. 

**The "PX" Shop IKC2PX), 52 Stonewyck Drive, Belle 
Meade, New Jersey 08502. 
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Or This Inexpensive 

It Really Shouldn’t Be This Easy 


Remember just a few years 
ago, how it took a roomful of 
equipment just to work RTTY. 
And if you wanted more than one 
mode it took a dedicated com¬ 
puter system costing thousands 
of dollars. The new AEA Pakratts 
are proving it doesn’t take lots of 
equipment or money to enjoy 
working all bands in five different 
modes. 

First, A Good Idea 
The idea behind the Pakratt is 
very simple. One controller that 
does Morse, Baudot, ASCII, AM- 
TOR, and Packet, and works both 
HF and VHF bands. Of course the 
decoding, protocol, and signal 
processing software must be in¬ 
cluded in the unit, and connec¬ 
tion to the computer and 
transceiver have to be easy. The 
unit also has to be small and re¬ 
quire only 12 volts, so it will work 
both in the shack and on the road. 

Second, Computer Compatible 
It doesn’t matter what kind of 
computer you have, we have a 
Pakratt for you. The PK-64 works 
with the popular Commodore 64 
or 128, and the PK-232 works with 
any other computer or terminal 
that has an RS-232 serial port. 
The PK-64 doesn’t require any ad¬ 
ditional programs. Simply con¬ 
nect to the computer and 
transceiver and you're on the air. 
The PK-232 needs a terminal or 
modem program for your com¬ 
puter. The one you’re using with 
your telephone modem will work 
just fine. 


PAKRATT’"’ Model PK-64 



PAKRATT "’ Model PK-232 


Third, Performance and Features 

The real measure of any data controller is what kind of on-air perfor¬ 
mance it gives. While the PK-64 and PK-232 use different types of 
modems, both give excellent performance on VHF. The optional HF 
modem of the PK-64 uses independent four-pole Chebyshev filters for 
both Mark and Space tones, and A.M. detection. The HF option can be 
factory or field installed. 

The PK-232 uses an eight-pole bandpass filter followed by a limiter 
discriminator with automatic threshold correction. The internal 
modem automatically selects the filter parameters, CW Fc = 800 Hz, 
BW = 200 Hz; HF Fc = 2210 Hz, BW = 450 Hz; VHF Fc=1700 Hz, 
BW = 2600 Hz. 

The PK-64 uses on screen indicators to show status, mode, and 
DCD (Data Carrier Detect) while the PK-232 uses front panel in¬ 
dicators. Both units use discriminator style tuning for HF operation. 
And that’s just the tip of the iceberg. Features like multiple connects 
on packet, hardware HDLC, CW speed tracking, and other standard 
AEA software features are included in both the PK-64 and PK-232. 


Fourth, AEA Quality and Price 

Not many manufacturers like to discuss quality and price at the same time. AEA thinks you want high 
quality and low price in any product you buy, so that’s what you get with the Pakratts. Ask any friend who 
owns AEA gear about our quality. The people who buy our products are our best salespeople. As for price, 
the PK-64 costs $219.95, or $319.95 with the HF option. The PK-64A, an enhanced software unit with a longer 
flexible computer cable, costs $269.95 or $369.95 with the HF option. The PK-232 costs $319.95 with the HF 
modem included. All prices are Amateur Net and available from your favorite amateur radio dealer. For more 
information contact your local dealer or AEA. 

Prices and specifications subject to change without notice or obligation. 


AEA 


Advanced Electronic Applications, Inc. 

P.O. Box C-2160, Lynnwood, WA 98036-0918 
206-775-7373 Telex 6972496 AEA INTL UW 


76 [3 April 1987 


k- 153 







more churning going on in 33-cm an¬ 
tenna design in the forseeable future. 
Older designs will be improved and 
new designs will be forthcoming. Only 
time will tell whether the present an¬ 
tenna approaches are optimum for the 
33-cm band. 

circuit update 

The converter/transverter designs in 
reference 1 have worked out quite well 
for many of us on the 33-cm band. 
Note that a few errors appeared in 
some of the figure captions in refer¬ 
ence 1: the conversion loss of the 
transmit type upconverter shown in 
fig. 3 should be 16 dB (not 9 dB), and 
the gain of the medium power ampli¬ 
fier in fig. 12 should be 20 dB (not 30 
dB). 

Some additional comment on the hy¬ 
brid modules are in order. Since refer¬ 
ence 1 was published, the USA dis¬ 
tributor for Toshiba has discontinued 
importing the SAU11 and SAU15 hy¬ 
brid modules. However, I've been ad¬ 
vised by Hiro Shiozawa, JAOJCJ, that 
he can provide some of the modules 
— particularly the Toshiba units — 
directly from Japan. I'd suggest that 
you write to him to make further ar¬ 
rangements.* 

There are several other sources of 
suitable hybrid modules. The NEC 
MC-5809 driver module mentioned in 
reference 1 works just as well as the 
Toshiba SAU15 as a 100-milliwatt lin¬ 
ear amplifier. Although I haven't tried 
it, the NEC MC-5843 shown in fig. 12 
of reference 1 should work as well as 
the Toshiba SAU11, albeit at a higher 
price. 

Other substitutes for the high power 
module with 7 to 8 watts minimum out¬ 
put power (such as the NEC MC-5828, 
MC-5829, and MC-5842) are also avail¬ 
able. Each has a different gain and out¬ 
put power. Of particular interest is the 
MC-5828, which sports an output 
power of 8 watts minimum, with only 
1-milliwatt input power — all for 
$42.50 in single quantities! The NEC 
distributor in the USA is California 
Eastern Labs.** 

Although I have no specific part 
numbers or additional information, I 





fig. 2. A recommended 46-element loop 
Yagi designed for 903 MHz. Construction 
is similar to that described in references 
1 and 5. 


Element 

Spacing 

Circumference 


(Note 2) 

(Note 3) 

R2 

1.00 

13.963 

R1 

5.449 

13.963 

DR 

6.813 

13.328 

D1 

8.420 

11.913 

D2 

9.611 

11.913 

D3 

12.166 

11.913 

D4 

13.721 

11.913 

D5 

16.515 

11.913 

D6 

19.830 

11.913 

D7 

24.939 

11.913 

D8 

30.049 

11.913 

D9 

35.158 

11.913 

D10 

40.268 

11.913 

Dll 

45.377 

11.913 

D12 

50.468 

11.552 

D13 

55.596 

11.552 

D14 

60.705 

11.552 

D15 

65.814 

11.552 

D16 

70.924 

11.552 

D17 

76.033 

11.552 

D18 

81.142 

11.191 

D19 

86.252 

11.191 

D20 

91.361 

11.191 

D21 

96.471 

11.191 

D22 

101.580 

11.191 

D23 

106.689 

11.191 

D24 

111.799 

11.046 

D25 

116.908 

11.046 

D26 

122.017 

11.046 

D27 

127.127 

11.046 

D28 

132.236 

11.046 

D29 

137.346 

11.046 

D30 

142.455 

11.046 

D31 

147.564 

11.046 

D32 

152.674 

11.046 

D33 

157.783 

11.046 

D34 

162.892 

11.046 

D35 

168.002 

11.046 

036 

173.111 

10.902 

D37 

178.220 

10.902 

D38 

183.330 

10.902 

D39 

188.439 

10.902 

D40 

193.549 

10.902 

D41 

198.658 

10.902 

D42 

203.767 

10.902 

D43 

208.877 

10.902 


Notes: 

1. Dimensional tolerances should be held to 
±0.013, with ±0.04 inches maximum. 

2. Reference all spacings from the rear of the 

boom to prevent tolerance buildup. i 

3. The circumference dimension shown is the 
distance between the holes in the loop. The over¬ 
all loop length should be approximately 0.5 
inches longer than shown to allow 0.25 inch 
overlap on each end of the loop. The loops are 
0.375 inches wide, made from a 0.062 inches 
thick aluminum sheet. Any deviations in thick¬ 
ness or width must be compensated for per ref¬ 
erence 5. 

"Hiro Shiozawa, JAOJCJ, 1462 Osato, Kofu, 400 
Japan. 

"California Eastern Labs, 3260 Jay Street, Santa 
Clara, California 95054. 
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SEE DETAIL-‘A’ 



TO FEED 
CONNECTOR 
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fig. 3. The feed system for the 46-element loop Yagi shown in fig. 2. Before soldering 
loop, adjust height (and length, if necessary) of loop for best VSWR. 


know that Motorola also has a line of 
33-cm hybrid power modules. The 
power levels are in the same class as 
the ones already mentioned, so if 
you're interested in using this type of 
module. I'd suggest that you also 
check the Motorola product line. 

SSB with class-C 
amplifiers 

The hybrid modules just described 
all operate in class C. In the past I 
speculated that you could run SSB 
through a class C amplifier with an ac¬ 
ceptable IMD if certain parameters 
were taken into consideration. This is 
particularly advantageous when using 
solid-state "bricks” or hybrid modules, 


because previous attempts to rework 
them for class B bias usually resulted 
in thermal runaway. 7 

Since then I've verified with on-the- 
air tests that this is indeed possible. 
Basically the trick I use is to rf-bias 
rather than dc-bias the class C mod¬ 
ule by applying a small amount of car¬ 
rier to an SSB signal. The optimum 
seems to be about 1 watt of output 
from the 10-watt class C module with 
no modulation applied. 

I have an older phasing type of SSB 
exciter, so I just unbalance the carrier 
until the output of the module is about 
1 watt without modulation. I then 
operate SSB normally. This procedure 
will probably work with other class C 



fig. 4. Schematic diagram of a low-loss, 
single-section bandpass filter. (See text 
for explanation of components. Cl and 
C4 are 0.5 pF; C2and C3,1-6 pF air varia¬ 
ble. LI: 1 turn No. 14 AWG with a 
0.25-inch inside diameter.) 


circuits and devices if the rf bias is held 
to about 10 percent of the maximum 
output power. One precaution: don't 
transmit on SSB using this technique 
for long periods of time unless you 
have an adequate heat sink attached 
to the hybrid module. You could 
destroy it! 

transverters 

The circuits described in reference 
1 can be easily assembled for trans- 
verter operation with a common local 
oscillator and power splitter as de¬ 
scribed. As proposed, the modular ap¬ 
proach allows quick insertion of new 
or improved designs as they become 
available. This approach has worked 
out well for homebrewers like me. 

Recently SSB Electronics intro¬ 
duced the model LT33S transverter. 
Available from Transverters Unlimit¬ 
ed,* it operates at 903 MHz with a 
144-MHz i-f and sports a low-noise 
GaAsFET preamplifier and 6 to 10 
watts of transmitter output power. 
This particular unit is quite popular 
with 33-cm enthusiasts. 

linear amplifiers 

As suggested in reference 1, there 
are many choices of bipolar power 
transistors for solid-state linear power 
up to about 20 watts. Unfortunately, 
time and space won't permit me to dis¬ 
cuss new solid-state linears too deep¬ 
ly at this time, but I will make a few 
suggestions. 

•Transverters Unlimited (VE3CRU), Box 6286 Station 
A, Toronto, Ontario, Canada M5W 1P3. 
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The NEC NE0804 (5 watts), the 
NE0810 (11 watts), and the Thomp- 
son-CSF (formerly Solid State Micro¬ 
wave) SD1418 common emitter power 
transistors are recommended. They 
should work well using a circuit similar 
to that used on 23 cm by WB5LUA. 8 
All that's required for 33-cm operation 
is to lengthen the input and output 
lines and possibly change the value of 
the chip capacitor that shunts the base 
and collector of the transistor to 
ground. 

Some medium power (40 to 100 
watt) solid-state amplifiers are now be¬ 
ing used. Typically they run class C with 
grounded base transistors. WA3JUF 
has proposed such a circuit using the 
Thompson CSF SD1414. 9 

high power amplifiers 

For high power, tubes are strongly 
recommended. For power levels up to 
100 watts, the ubiquitous 2C39/7289 
is highly recommended. These tubes 
are plentiful and inexpensive. 

W1RIL and others have modified the 
70-cm 2C39/YD1050 amplifier described 
in The UHF Compendium to work on 
33 cm. 10 They shortened the half-wave 
plate line to 78 mm (as opposed to 175 
mm), shortened the output coupling 
link, modified the input matching net¬ 
work as required, and obtained 50 to 
100 watts output with reasonable gain. 

A 3CU400/800 flat cavity amplifier 
design is recommended for medium 
power levels (300 to 500 watts). 11 
Quarter- and half-wave cavity amplifi¬ 
ers using the 7650/7651 or the larger 
7213/7214 tubes are highly recom¬ 
mended. They work well on these fre¬ 
quencies, can deliver high power, and 
are often seen at flea markets. I'm sure 
that many surplus or UHF TV "pulls" 
are also available. Stripline amplifiers 
will probably still work adequately at 
these frequencies. 

filters 

The filters shown in reference 1 
work well. However, they are entry 
level filters with fairly wide bandwidth. 
The input filter is particularly wideband 
but more than sufficient to protect the 
input of the MRF901 preamplifier 


design (shown in reference 1) if there 
are no local high power rf emitters 
such as UHF TV stations nearby. 

Recently I developed an improved 
input filter with narrower half-power 
bandwidth — 30 versus 100 MHz — 
and less than 0.5 dB insertion loss. In 
addition, the 20-dB down points are 
only 300 MHz apart, as contrasted with 
the earlier design of 1000 MHz. It's 
similar to the design approach used in 
my 2-meter high dynamic range con¬ 
verter. 12 

A schematic of this single-section fil¬ 
ter is shown in fig 4. Cl and C4 can 
be realized by connecting two 1.0-pF 
capacitors in series. C2 and C3 should 
be the piston or air-variable type if 
minimum insertion loss is desired. For 
lowest loss and best isolation, this fil¬ 
ter should be built in its own shielded 
box (such as a Pomona Electronics 
2417, 2428, or equivalent). 

This filter is best tuned by adjusting 
C2 and C3 for minimum VSWR using 
a low power signal source. These 
capacitors will interact with each oth¬ 
er, so alternate tuning until the VSWR 
is at a minimum. A typical passband 
plot of this filter is shown in fig. 5. 

Likewise, the two-section bandpass 
filter shown in reference 1 is also 
an entry level filter. It has a half-power 
bandwidth of 50 MHz, which is a little 
too wide if a 28-MHz i-f is used. A 
slightly more complex three-section fil¬ 
ter with a narrower half-power band¬ 
width, 36 MHz, and better skirt selec¬ 


tivity of 100 MHz, rather than 350 MHz 
(30-dB down points), has been devel¬ 
oped. A schematic is shown in fig. 6. 

This filter is of the combline type 
with the input and output connections 
made directly to the resonators. The 
coupling is set by the spacing between 
resonators, the height of the filter en¬ 
closure, and the input/output tap po¬ 
sition. 

As with the single-section filter just 
described, the tuning capacitors should 
be of the low-loss piston or air-variable 
type. The resonators should be spaced 
1 inch center-to-center and mounted 
midway between the top and bottom 
of the enclosure. The filter is built 
in a small shielded box (with 4 x 2 x 
1-inch outside dimensions) such as 
the Hammond 1590L or equivalent. 
The most important parameter of the 
shielded box is the height inside the 
enclosure, which is about 0.8 inches. 
This filter can be tuned for minimum 
loss, but for best performance a 
sweep-tuned setup is required. A typi¬ 
cal passband plot is shown in fig. 7. 

preamplifiers 

The MRF901 preamplifier in refer¬ 
ence 1 has performed quite well. Until 
recently it has been my only preampli¬ 
fier. Though its noise figure is too high 
(typically 3 dB) for serious weak-signal 
operation it makes an excellent 
second-stage postamplifier. 

For a really low noise figure, use a 
GaAsFET preamplifier. I've recently 
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Electronics Supply 

3621 FANNIN 
HOUSTON. TEXAS 77004 

1-713-520-7300 OR 1-713-520-0550 


IC28A last 429 ) 

ANTENNAS 

Isopole 144 MH.' 

AOP 1 Complete Oscar Anlenna 
Butternut HF6V 80 10 vertical 
HF2V 80 & 40 vertical 
HF4B 

Hustler G7-144 
Hustler 6BTV 

Kl M HF World Class Senef. Antennas 
Alpha Delta Twin Slotwr 
Coax Seal 
B&W Dipoles 
Kt MKT 34A 
W2AU W2DU 
NEW KIM 1 2-44LBX 
1296 Power Divider 

Orion CD 78 ♦ BS 80 75/80 rotatable dijxile 
GSRV 

OTHER ANTENNAS 

Diamond D 130 Discone 25 1300 MH/ 

Larsen Kulduck 

I arson 2M 1 /wave tolescope ant 
Avanli AP151 3G on Glass Anlenna 
Anteco2M 5/8. Mag Mount Comp 
Orion 2M 1/2 wave Handy Antenna 
Van Gordon SLA 1 160-80-40 Sloper 
Valor AB 5 Mobile 
Stoner DA 100 D Active R» Anlenna 
DC Tenna Hitcti 3/8 24 Thread 
Fits 3/4" trailer hitches 

KEYS 

Bencher & Vibrnpiex 
Boncher is now improved Screws & springs, all stainless 
sttxH and extra hand (Wishing 
Nye ESK 001 Koyer 58 00 

TUBES 

Collins & Drake Replacement lubes Stock 

GE6146B 1295 

3-500Z 109 95 

GF Industrial Tubes Call 

GE 12BY/A 7 00 

GE6JS6C 12 95 

GE 8950 16 00 

12JB6 Sylvania 6 00 

Hard to lind Tubes 50 90 , v«» ott list 
6JB6A 9 9b 

6JC6C/6LQ6 9 95 

572B 69 00 

BOOKS 

We stock SAMS TAB ARRL RSGB Ameco Radio 

I 1 ,,!, ( .ill 

Now 1987 Radu > Database Book International SW 
plus reviews 12 95 

PARTS 

1 5 AmjV400V lull wave bridge rectifier 1 95 

2 5A/1000PIV Epoxy diode 29 each or 19 00/100 

0015/10KVor 001/20KV 1 95 each 

3N201 95 

4 inch lerrile rod 1 95 

365pE cap 1 95 

Sanyo AAA A A Nrcarls w/labs 2 00 

2 4 5.6 8 pin mu; plugs 3 00 

1/8 1/4 watt carbon resistors 05 each 

Meters 0 3000 VDC Square 0 1 Amp DC 9 95 

Drake Collins mike plug 2 00 

Thousands ot panel melers 3 95 up CAL L 

MICA Cap 0004/3KV 5 00 others CAI I 

Close out on nyr, & ai t ev-oues All the lime Call 

We may have what you re looking lor 

Diodes 3A/1000 PI V 29 

Duracoll 9 Volt Batter y 2 Pak MN1604 3 49 

DC Fan 3W* Sq * 1" 9 95 

CINCH 12 pin conn fit/ (Drake etc ) lomale 3 00 

SERVICES 

Complete KWM 2 Retut hl* 179 00 

Flat fee Collins rebuild Call 


44 95 
149 95 
125 00 
11900 
189 00 
119 95 
139 00 
Call Don 
49 00 
2 00/roll 
I CSS 1046 
399 00 
Now Available 
129 00 
Soon 
299 00 
44 00 


ACCESSORIES 

B4W VIEWSTAR ANTENNA TUNFR 
Heil HC3/HC4/HC5 
Heil BM10 Boom Mike headset 
T n H 5000A HerTK>te Phone 
! nplett 3360 VOM (same as FLUKE 77) 
Daiwa NS660A 30/300/3000 watts 
AlmcoELf12300 ExcoUcnt t)uy 
Nye MB5 A (frx the big t>oys') 

Shure 444D 
Ameco PT 2 
New Tokyo HC 200A 

Mol lech l abs Digital Voice Koyer DVK 100 
Astatic Silverf agio & Baser 


BELDEN 

9913 low loss solid center loil/braid shield 
8214 RGB Foam 
8237 RG8 
8267HG213 

8000 14 Ga Stranded copfxn ant wire 
8448 8 conductor rotoi cable 
9405 Heavy duty 2 II? Ga 6 18 Ga 
9258 RG8x 
9269 RG 62A/U 

8403 Mk: Cable 3 condctr & shield 
100 tool 8214 w/ends installed 
8669 7’ 16" tinned copper timid 

AMPHENOL 

M l ISP PI 259 Silverman? 

L>G176 reducer RG8X 
831J Double Female UHF 
8261 N Male 
82 97 N f emate Bulkhead 
82 63 Inline Female N 
82 98 N elbow 
31 212BNC RG59 

H216 UG201 A/U N Male RNC Female 

31 2BNCRG58 

14025 N Male RG58 

34125 N Female UHF male 

3128 BNC Female PI 259 

1400 N Male-50 239 


5 lem 
45c/ll 
39c/lt 
55c/ll 

33c/H 
56c/ft 
20c/H 
16c/ft 
45c/fi 
54 00 
1 00/tl 


STOCK ITEMS 
CALL 


PACKET POWER 

At A PK 232 291 

Kantromcs KPC 2400 291 

Kantronxis 2400 131 

Kantromcs Packet II 141 

MFJ 1270 12! 

ALA PM 1 Ml 

New AE A UDC 232 Firmware No modem 
List 279 00 241 

New Kantromcs K AM 29! 

See you at Dayton Flea Market. Spaces 2435-37. 
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fig. 6. Schematic diagram of a three- 
section bandpass filter for 903 MHz. (See 
text for details on components and tun¬ 
ing. Cl, C2, C3: 1-6 pF air variables. J1, 
J2: input/output connectors (type BNC 
or equivalent. LI, L2. L3: 0.25-inch wide 
thin (0.02-0.03 inch) copper strap spaced 
1.0 inch center-to-center in a shielded 
enclosure, per text. Tap LI and L3 0.25 
inches from the grounded end of the in¬ 
ductor.) 


4:1 L-network transformer that worked 
well for me on the VHF bands and is 
relatively broadband with low loss. As 
a result, the output compression point 
is very high; this is a performance pa¬ 
rameter some of the other matching 
schemes I've used didn't have. 

To align the preamplifier properly, a 
good noise figure generator is recom¬ 
mended. However, adequate perfor¬ 
mance can be obtained by using a 
weak-signal source for tuning. After 
tuning Cl and C2 for best sensitivity, 
spread or compress the turns on L2 for 
maximum gain, typically 13 to 15 dB. 
Overall noise figure is a function of the 
construction and GaAsFET used, but 
0.5 to 1 dB is typical. The device type 
isn't critical; theMGF1402, MGF1301, 
NE72019, or equivalent GaAsFETs 
should all work well. 



built one similar to the design shown 
in reference 13. A schematic is provid¬ 
ed in fig. 8. The input circuit, a tuned 
tank, is easy to construct and provides 
a reasonable amount of selectivity, 
reducing the susceptibility to overload 
from high power emitters in the VHF 
range and below. 

The output matching circuit uses a 


receivers 

Wide-frequency coverage receivers 
(such as Yaesu's FRG9600) are now 
available. Not necessarily weak-signal 
types, they have noise figures typically 
in the 6 to 10 dB range; a low-noise 
preamplifier ahead of the receiver is 
recommended for weak-signal opera¬ 
tion. The new ICOM R-7000, designed 


to cover from 25 to 1000 MHz and 
from 1030 to above 1300 MHz, offers 
excellent frequency stability and weak- 
signal characteristics on the 33- and 
23-cm bands. 

commercial fm gear 

As mentioned in reference 1, a por¬ 
tion of the 33-cm band is a citizens 
band in Japan. As a result, many low 
power (5 watt) fm transceivers are 
available in Japan, but not yet in the 
USA, although that situation could 
change any day now. 

Table 1 shows a few of these trans¬ 
ceivers. They're all citizens band type 
with typically 75 to 100 fixed channels 
between 903 and 905 MHz. These trans¬ 
ceivers have F3E emission and a nomi¬ 
nal 5 watts output power. They're very 
small and excellent for portable 
operation. 

One channel on these transceivers 
is at 903.1125 MHz. W1XX and others 
have been using this channel at port¬ 
able locations because it's close to the 
weak-signal calling frequency. How¬ 
ever, if these transceivers become 
available in the USA, I hope that they'll 
be used only above 904 MHz so as not 
to interfere with weak-signal opera¬ 
tions near 903.1 MHz. 

summary 

This month's column reviewed the 
current status of operation on the 
33-cm band. New higher performance 
circuits and some equipment, both 
homebrewed and commercial, were 
recommended. Improvements to the 
circuits recommended in reference 1 
were also discussed. I hope this infor¬ 
mation will stimulate increased activi¬ 
ty. . . see you on 903.1 MHz, especially 
on Friday evenings — a recommend¬ 
ed activity night — at 9 PM (local 
time)! 
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SMIRK lives 

Ray Clark, K5ZMS, president of 
SMIRK (Six Meter International Radio 
Klub) has recently informed me that 
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1987 

CALLBOOKS 



The "Flying Horse" 
sets the standards 

Continuing a 66 year tradition, there are 
three new Callbooks tor 1987. 

The North American Callbook lists the calls, 
names, and address Information for licensed 
amateurs In all countries from Canada to 
Panama including Greenland, Bermuda, and 
the Caribbean islands plus Hawaii and the 
U.S. possessions. 

The International Callbook lists the 
amateurs In countries outside North 
America. Coverage Includes South America, 
Europe, Africa, Asia, and the Pacific area. 

The 1987 Callbook Supplement Isa new Idea 
In Callbook updates; it lists the activity in 
both the North American and International 
Callbooks. Published June 1, 1987, this 
Supplement will Include all the new licenses, 
address changes, and call sign changes for 
the preceding 6 months. 

Publication date for the 1987 Callbooks is 
December 1, 1986. See your dealer or order 
now directly from the publisher. 


□ North American Callbook 

Incl. shipping within USA $28.00 

incl. shipping to foreign countries 30.00 

□ International Callbook 

Incl. shipping within USA $28.00 

incl. shipping to foreign countries 30.00 

□ Callbook Supplement, published June 1st 

incl. shipping within USA $13.00 

Incl. shipping to foreign countries 14.00 

SPECIAL OFFER 

□ Both N.A. & International Callbooks 

Incl. shipping within USA $53.00 

incl. shipping to foreign countries 58.00 


Illinois residents please add 6‘/j% tax. 
All payments must be In U.S. funds. 


lllbook 


RA0I0 AMATEUR I 

call Dool 

Dept - F 

925 Sherwood Dr., Box 24 7 
Lake Bluff, IL 60044. USA 


Tel: (312) 234-6600 



"SMIRK is still alive and kicking." 
However, because of budgetary con¬ 
straints, copies of the quarterly news¬ 
letter won't be sent to anyone who 
isn’t a paid-up member. If you're a 
SMIRK member and haven't renewed 
your dues, send $3 to Ray at his call 
book QTH. 

new award program 

In order to stimulate more weak 
signal operation on 70 cm (432 MHz), 
Art Holmes, WA2TIF, has instituted 
a new awards program. Basically, 
there's a monthly award for making at 
least 50 QSOs, a monthly award for 
1000 points by multiplying number of 
QSOs times grids worked, and an en- 
dorseable award for working 100 or 
more different stations on the band. 
The only stipulation is that contacts 
made on nets and during contests 
don't count. Write Art at 11 Kerr Road, 
Rhinebeck, New York 12572, for fur¬ 
ther information. 

new records 

There have been some unusually 
late and long DX tropo openings this 
year. The one during the U.S.A. 
Thanksgiving weekend will be long 
remembered because so many North 
American records were broken. Al¬ 


though this represents preliminary in¬ 
formation, I'll list those new records 
that I’ve been able to document. 

The 70-cm tropo record is now held 
by Ray, WB3CZG, FN10AX, for a 
QSO on November 29. 1986, with 
Kent, WA5VJB, EM12LQ, of approx 
imately 1318 miles (2120 km). On the 
same date, a new 23-cm record of ap 
proximately 1287 miles (2070 km) was 
set between Ray, WB3CZG, FN10AX, 
and Dave, KD5R0, EM13PA. Finally 
on November 28 and 29, 1986, the 
13-cm (2304 MHz) record was broken 
several times by WB5LUA, KD5R0, 
K9HMB, and W8YIO. When it was all 
over, Dave, KD5R0, EM13PA, and 
Lew, W8YI0. EN82BE, emerged as 
the new record holders for a distance 
of approximately 940 miles (1516 km). 

Just before this great weekend, 
Tony, K5PJR, EM260P, and Jim, 
WA5ICW/5, EM04HX, set a new 
6-cm (5760 MHz) tropo record of 
approximately 285 miles (459 km). 
November certainly was an exciting 
month for UHF and microwave 
records! Congratulations should go 
not only to the new record holders, but 
to all those who if only for a few 
minutes held the record. Great go¬ 
ing! Keep it up! 
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The 1987 ARRL Handbook for the Radio Amateur is your source for the most up-to-date informs 
tion on: 

• Packet Radio and other forms • Visual communication — • Antennas and 

of digital communication ATV, SSTV, and FAX transmission lines 

• RF Circuits and design • Propagation • Voice communication 

• Power amplifiers • Operating • Space communication 

The 64th edition has 40 chapters and over 1200 pages. It’s packed with practical construction 
projects and there are many with printed-circuit board etching patterns. Every year the Handbook 
is updated to reflect changes in the state-of-the-art. Whether you are a radio amateur, engineer 
or technician you'll find the latest edition a must addition to your technical library. There is no 
change in price from last year! Paperbound: $18 in the US, $19 elsewhere; cloth: $27 US, $29 
elsewhere. Payment must be in US funds. Add $2.50 ($3.50 for UPS) shipping and handling. 


WA6P operated this solar powered packet station during 1986 Field Day as part of 
the McDonnell Douglas Amateur Radio Club and Southern California Amateur Club 
entry. The photographer was WA6AUF. 


More Details? CHECK OFF Page 118 
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grid square index 
Recently Folke Rosvall, SM5AGM. 
created The Radio Amateur's World 
Atlas, a 24-page book of maps and ta¬ 
bles which show the geographical 
coordinates of all 32,400 grid squares 
in the world, along with an extensive 
index of cities worldv 'de. I've been 
using this book for some tine and find 
it quite helpful in locating grid squares 
of stations in the USA as well as DX 
stations anywhere in the world. Since 
most of my acquaintances seem to be 
unaware of this book, I thought I'd 
mention it because it's so helpful with 
my record keeping. It's available from 
Ham Radio's Bookstore for $3.95 plus 
$3.50 shipping and handling. 
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BALUNS 

Get POWER to your antenna* Our Baiuns are 
already wound and ready for installation in your 
transmatch or you may enclose them in a 
weatherproof box and conned them directly at 
the antenna They are designed for 3-30 MHz op 
eration (See ARRL Handbook pages 199 or 
6-20 for construction details ) 
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Important VHF/UHF Events 

April 13: ARRL 144 MHz Spring Sprint 

Contest teveningI 
April 18: CMC perigee 

April 21: ARRL 220-MHz Spring Sprint 

Contest tevening) 

April 22: Predicted peak of the Lyrids 

meteor shower at 1100 UTC 

April 24-26: Dayton HamVention 

April 29: ARRL 432 MHz Spring Sprint 

Contest /evening) 

May 2 3: West Coast VHF Conference 

tcontact WB6GFJ) 

May 5: Predicted peak of the Eta 

Aquarids meteor shower at 
1300 UTC 

May 8: ARRL 902-MHr Spring Sprint 

Contest tevening) 

May 14: ARRL 1296 MHz Spring Sprint 

Contest tevening) 

May 15: EME perigee 

May 15 17: 13th Annual Eastern VHF/UHF 
Conference, Nashua. New 
Hampshire tcontact W1EJ) 

May 23-24: ARRL 50-MHz Spring Sprint 
Contest tevenings) 


May 14: 

May 15: 
May 15 17: 


May 23-24: 
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Call Toll Free 
(orders only) 

1 ( 800 ) 341-1522 
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104 116 128 140 152 164 176 188 200 212 

105 117 129 141 153 165 177 189 201 213 

106 118 130 142 154 166 178 190 202 214 

107 119 131 143 155 167 179 191 203 215 

108 120 132 144 156 168 180 192 204 216 

109 121 133 145 157 169 181 193 205 217 

110 122 134 146 158 170 182 194 206 218 

111 123 135 147 159 171 183 195 207 219 
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For literaiure or more information, locale 
the Reader Service number at the bottom of 
the ad. circle the appropriate number on 
this card, affix postage and send to us 
We ll hustle your name and address to the 
companies you re interested in. 
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+Dustcovers+ 
b y KAGILm 

• PROTECT your GEAR 

• Waterprool PAK Nylon 
• FIVE Colors 

• Economical 

• For ALL Amateur Radio 

Gear, Vintage thru 
Solid State. . . 

_ •Custom covers 

_ •MINI covers 


TELEWAVE ANTENNAS 


FIBERGLASS COLLINEAR 


(PTO© ©MS 


Tclcwavcs FOWRR MASTER ANTENNA™ 
line features heavy duty fiberglass, 
end led antennas which arc especially 
designed for the most adverse 
conditions. The cool blue color blends 
with the skyline .yet absorbs the rays 
from the sun which assist in de-icing 
the antenna All internal components 
arc brass or copper, designed in a 
manner to allow for years of flexing 
without fracturing of any joints The 
heavy duty tapered design with its 
strong interwoven fiberglass housing 
is fabricated to withstand wind loading 
of up to 125 Mi'll with 1/2 inch if radial 
ice or 150 MPII wind loading without 
ice. The strong flexible action helps to 
de-ice the antenna with only a 
minimum of movement. The brass cap 
at the lip of the antenna is designed to 
exhibit DC ground potential while 
assisting on lightning protection The 
unique design of each antenna 
provides two internal ground planes, 
eliminating the need for troublesome 
external ground planes The 

broadband design of these antennas 
with thicr excellent VSWR and rugged 
construction makes these the most 
desirable antennas for any duplexing 
or multicoupling application One set 
of heavy duty mounting clamps and 
one 12 inch jumper cable will be 
shipped standard with each antenna 

With the 

, MILLENNIUM SEAL™ 

of Quality 


Telewave, Inc. 

1155 TERRA BELLA. MOUNTAIN VIEW. CALIFORNIA 94043 
(415) 968 4400 • TWX 910 3795056 • FAX |415| 968 1741 
OROER TOLL FREE - (800) 331 3396 


MAKE YOUR OWN 

CANOPIES 

WE HAVE: 

* SNAP JOINTS & PARTS FOR 
%" & 1" TUBING. 

* SILVER, WHITE OR BLUE 
TARPS. 

* BUNGEES & ACCESSORIES 

* COMPLETE PACKAGES 
AVAILABLE. 

* FREE BROCHURE ON 
REQUEST. 

ELAINE MARTIN, INC. 

POB 261, Dept H 
Highwood, IL 60040 
Phone:312-433-0106 


7 MILLION TUBES 


FREE CATALOG 

Includes all Current. Obsolete. An 
tique, Hard To Find Receiving, 
Broadcast, Industrial, Radio/TV 
types LOWEST PRICES, Maior 
Brands, In Stock. 

UNITY Electronics Dept. H 
P.0. Box 213 
Elizabeth, NJ 07206 


Turn a few hours work into years of 
fun with Amateur Television. 


Convert any TV receiver to a fast scan ATV monitor 
with the Communication Concepts AT v 2 converter 
It allows you to monitor 430MH/ ATV signals usinq 
channel 2.3. or4 on a standard TV set ^ 

withoul modification to the sol Thr-cir ^I' ' 

d^N.qn fm v.ibild, and flV- 

simplicity Trw ■ r.u, 

.. dual RF 

till* 

d^iqn, and the hui JHC , ^ 

diode double balanced mixer ^ J 

reduces UHF TV intermod prob 
lems An additional feature not 

found on other ATV downconverters ATV-2 W 

CALL OR WRITE FOR OUR FREE 


■ rrrryi Communication 

■ 1 Concepts Inc. ' 

121 Brown Street • Dayton. OH 45402 • (513) 220*9677 


•s the incorporation ol a post amplifier stage 
^ (6dB min gam) following the double 

fl balanced mixer This is especially 

important and most notrcable on 

f .iyo.,i •••i-epl.on 

‘inverter requires an 

r nai 12 volt DC reguiat 

^ et * P‘ ,wer su PP*v at 
• 50 milliamps 

ATV-2 PR Kit includes detailed 

step-by step instructions, punted circuit 

board, and all electronics components as shown 

$44.95 

Wired and tested $59.95 

SMALL PARTS BROCHURE 




■ 


More Details? CHECK OFF Page 118 
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•FM EXCITERS ** ,J. 

Hits only $68- W/t$146 
TCXO and xtal oven available 
2Wcont Up to 3W intermittent 
•TA51 for 10M. 6M 2M. 150 174 220 MHi. 

•TA451 for uhf. 

FCC TYPE ACCEPTED FOR COMMERCIAL BANDS 
»VHF & UHF LINEAR AMPLIFIERS For FM or SSB Power 
levels from 10 to 45 Watts Several models, kits starting 
at $78 //. 


•R144/R220 FM RCVRS 

for 2M 150 1 74 or 220 MH/ 

0 15uV sens. 8-pole xtal A 10 pole ceramic i f filters, 
helical resonator front end for exceptional selectivity. 

> lOOdB at t 12KH/ (best available anywhere*) Flutter 
proof squelch AFC tracks drifting xmtrs Xtal oven 
avail Kit $138. wfl $198 

•R451 FMRCVR Same as above but UHF Tuned line 
front end. 0 2uV sensitivity Kit only $138, w/t $108 
• R76VHF FMRCVR for 10M 6M 2M. 220 As above, but 
w/o AFC or he I res Kits only $98 to $ 118 
•R110 VHF AM RCVR for VHF aircraft or ham bands or 
UHF. Kit only $98 


NOW—FCC TYPE ACCEPTED TRANSMITTERS, 
RECEIVERS, AND REPEATERS AVAILABLE FOR 
HIQH BAND AND UHF. CALL FOR DETAILS. 


GaAs FET PREAMPS 
at a fraction of the cost 
of comparable units! 


LNG - ( * ) /frn? 

GaAs FET ^ fj 
PREAMP <J ) 

*- j 

ONLY $49! 

WIRED/TESTED ' 7 

FEATURES: 

•Very low Noise: 0 7rfB VHF. 0 8dB UHF 
•High Gain: 13-200B. depending on (req 
•Wide Dynamic Range to resist overload 
•Stable: new-type dual-gate GaAs FET 
• Specify tuning range desired 26-30. 46-56. 1 
150 1 72. 210-230. 400 470, Or 800-960 MHr 


THE MOST AFFORDABLE 

REPEATER 

ALSO HAS THE MOST IMPRESSIVE 
PERFORMANCE FEATURES 

(AND GIVES THEM TO YOU AS STANDARD EQUIPMENT!) 


HIGH QUALITY XMTRA RCVR 
MODULES FOR REPEATERS, 

i imkc rn riirTDV err 


FEATURES: 


■SENSITIVITY SECOND TO NONE* 0 15uV Typ 
•SELECTIVITY THAT CAN T BE BEAT' Both 8 pole *tal 
filter A ceramic filter for > lOOdB at * 12kHz Helical 
resonator front end to combat desense & intermod 
■Flutter proof squelch. Automatic frequency control, 

separate spkr amplifier 

CLEAN EASY TUNE TRANSMITTER, up to 20W Output 
50W with additional PA 


ACCESSORIES 


• TD 2 DTMF DECODER/CONTROLLER kit only $78 
Full 16 digits. 5 functions, toll call restrictor, program 
mable Much more Great for selective calling too* 

•AP 1 AUTOPATCH kit only $78 Reverse patch & phone 
line remote control std 
•AP-2 Simplex Autopatch Use with above 


•CWIO kit. new low price $48 
Field programmable, timers, the works* 

•COR 2 kit. $38 Audio mixer, local spkr amplifier tail & 
time out timers 

•COR 3 kit $48 with courtesy beep 


LNW -(*) 

MINIATURE 
„ GaAs FET 
? PREAMP 

Unbelievably 
Low Pylce - - - 


ONLY $ 19/kit, 

GaAs FET Preamp ~ — _ 

similar to ING. $ 3 4 Wlro<l/t„t,d 

except designed 

(or low cost & small slie Only 5/8 "W x 1 5/8'L x 
3/4‘H Easily mounts in many radios 
• Specify tuning range desired 25-35. 35-55. 55-90. 90- 
120. 120 150. 150-200. 700-2 70. or 400 500 MHr 


LNS-(*) 

IN-LINE 

PREAMP 


•MO 202 FSK DATA MODULATOR kit $38 Run up to 

1200 baud digital or packet radio signals through any 
FM transmitter 

•DE 202 FSK DATA DEMODULATOR kit $38 


ONLY $59/kit, "* 1 ^ 

$79 wlrad/tastad 

GaAs FET Preamp with features similar to LNG 
series, except automatically switches out of line 
during transmit. Use with base or mobile 
transceivers up to 25W Tower mtg. hardware 
supplied. 

• Specify tuning range desired 120 175. 200 240. or 
400 500 MH/ 


HRA -(*) 
/ HELICAL 
RESONATOR 
PREAMP 
ONLY $49 VHF 
or $64 UHF 


Low-noise preamps with helical resonators 

reduce intermod & cross-band interference in 
critical applications 

• Specify tuning range desired 143 150. 150 158. 158 
162 162 174 211233 420 450. 450 465. or 465 4 75 
MH/ 


RECEIVING CONVERTERS 


MODELS * 9 

Kit with Casa $49 
Kit lass Casa $39 
Wlrad w/casa $69 

UHF MOOELS 
Kit with Casa $59 
Kit laas Casa $49 
Wiradw/casa $75 


TRANSMIT CONVERTERS 


For SSB. CW. 
ATV.FM etc 
Can be linked 
with receive conv 
for tranceive 
1 to 2 W out 
Linear PA * 
available up to 
50W 


For VHF U 
Model XV2 
Kit $79 
Wired $149 


For UHF 
Model XV4 
Kit $79 
Wired $139 


HAMTRONICS, INC. , 

65-E Moul Rd.; Hilton NY 14468-9535 

High quality equipment at reasonable prices surely | 
appeals to me; but I want more details before I buy! Rush j 
my copy of the 40-page Hamtronics catalog by return first i 
class mail. I enclose $1 ($2 for overseas air mail). 


• Order by phone or mail • Add $3 S&H per order 
(Electronic answering service evenings & weekends) 

• Use VISA. MASTERCARD, Check, or UPS COD. 


Address. 


State/ZIP 


L 

On. 


hamtronics , 


me. 


E MOUL R0AD*HILT0N 
716-392-9430 Hamtronn 


88 [iS April 1987 


















understanding noise figure 


See why 
optimized NF 
doesn’t imply 
best output S/N 

Noise figure is probably the most common param¬ 
eter used to specify the noise performance of amp¬ 
lifiers and other systems where noise performance is 
a critical feature. However, the concept of noise fig¬ 
ure is often misunderstood, and quite often misapplied. 

This can result in a system with noise performance 
far less than ideal. For example, it might seem that 
an improvement in noise figure of a low-noise system 
would naturally result in lower total output noise and 
better output signal-to-noise ratio. However, this isn't 
always the case. It's quite easy to improve the noise 
figure to its optimum minimum value while causing 
an increase in output noise and a degradation in signal- 
to-noise ratio for any given signal. John Maxwell gives 
a good review of this problem in reference 1. 

Noise figure is a "figure-of-merit" (a measure of 
"idealness") that demonstrates the amount of noise 
a system such as an amplifier adds to a signal¬ 
processing task such as amplification. If an amplifier 
were perfectly noiseless, it would add no additional 
noise and the noise figure would be zero. Similarly, 
a noise figure of 3 dB implies that the amplifier adds 
as much noise to the system as was initially present 
prior to amplifying (remember, a 3-dB increase in 
power is a doubling in power.) Also, the noise figure 


is a measure of the amplifier's performance, not the 
circuit performance. That's why we may take a specific 
circuit and optimize the noise figure but actually 
degrade the output signal-to-noise ratio. 

Noise figure, NF, is defined as 10 times the common 
logarithm of the "Noise Factor," F , and the noise 
factor is defined as the ratio of the total output noise 
power of a system (an amplifier, for example) to the 
output noise power due to the source alone. 2 

p __ _ Total output noise power _ ^ 

Output noise power due to the source alone 

NF = 10 log F (2) 

The noise factor in eqn. 1 is a ratio of the actual output 
noise of a system to the output noise that would be 
present due to the source alone if the system were 
perfectly noiseless. Two things are important to notice 
about eqn.1: the first is that the noise factor is defined 
in terms of noise powers, and second is that it is 
defined at the output of the system. Examining eqns. 
1 and 2, something is conspicuous by its absence — 
a signal. The noise figure apparently has no relation 
to any signal or to the S/N. In fact, you don't even 
need a signal to find the noise figure, and without a 
signal, you have an S/N of zero! Well, the noise factor 
(and noise figure in turn) may be loosely considered 
a noise-to-signal ratio where the source noise is both 
the signal and a component of the total noise. 

However, the noise figure may be related to the S/N 
relatively simply. Consider an amplifier with the 
following parameters. 

Michael E. Gruchalla, 2450 Alamo Avenue S.E., 
P.O. Box 9100, Albuquerque, New Mexico 87119 
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Ns = Source noise power delivered to the amplifier 
input 

N| = Amplifier equivalent input noise power 

Gp = Amplifier power gain 

Ps = Amplifier input signal power 

Now, the numerator of eqn. 1, total output noise 
power, is actually the sum of the noise contributed 
by the amplifier and that contributed by the source. 
Also, a specific output power is given by the 
corresponding input power multiplied by the amplifier 
power gain. We can then write the noise factor as 
eqn. 3. 

F _ (Ns G P + N/ Gp) (31 

Ns Gp 


Now, if we divide both the numerator and denominator 
by the output signal power (Ps Gp) and rearrange the 
terms, the results of eqn. 4 are found. 


_ Ps/N s _ 

(P s G P ) / [(N S + Ni) G P ] 


(4) 


In examining eqn. 4, we see that the numerator is sim¬ 
ply the signal-to-noise ratio of the input source. Simi¬ 
larly, the denominator is the signal-to-noise ratio at the 
amplifier output. So the noise factor is equal to the 
input S/N divided by the output S/N. 


F = 


S/N i n put 
S/N output 


(5) 


This is commonly known as the "Friis Equation," in 
honor of H.T. Friis, 3 who originally developed it in 
1944. A subtle but important point to observe about 
the Friis equation is that the term S/N input is the S/N 
of the input signal, not the S/N at the amplifier input. 
Also, it should be understood that this is not the defi¬ 
nition of noise factor, but rather a derived expression 
computed from the definition given in eqn. 1. 

optimum source resistance 

For any amplifier system, a value of optimum source 
resistance exists which will produce an optimum mini¬ 
mum noise figure. The problem lies in the fact that 
the value of optimum source resistance is rarely even 
close to the resistance of the source we wish to use. 
The NF of the source-amplifier combination is then less 
than optimum. It is often thought that a resistor could 
be added in series or shunt with the source to modify 
its apparent value as seen by the amplifier to become 


the optimum source resistance. This would indeed im¬ 
prove the NF with respect to the apparent source re¬ 
sistance, but not with respect to the original source. 

The addition of this resistor has two effects. First, 
it loads the source dissipating some of the signal power 
that would normally be available as amplifier input, 
causing the signal term of the S/N expression to be 
reduced. Second, it adds the resistor's thermal noise 
to the system, causing an increase in the noise term 
of the S/N. The net effect of adding the modifying 
resistor is that the output signal is reduced, and the 
output noise is increased, which results in an overall 
reduction in the S/N. However, the NF is reduced to 
its optimum minimum value! Is this contradictory? Can 
we truly improve the NF of a system and actually de¬ 
grade the S/N? If this is true, is the NF a useful pa¬ 
rameter at all? 

Perhaps a practical example or two using the 
parameters of real components will clarify this prob¬ 
lem. (For more detailed analyses, check references 1 
through 4.) The basic difficulty lies in the fact that the 
addition of a series or shunt resistor to a given source 
resistance only modifies the apparent resistance of the 
source. The actual value remains unchanged. The 
source contributes a specific signal and a noise com¬ 
mensurate with its resistance. For some specific sig¬ 
nal, this provides some source S/N. The modified 
source will exhibit a lower available signal for the same 
actual signal level due to the loading effect of the 
added modifying resistor. The thermal noise of the 
modified source may be higher or lower than the origi¬ 
nal source, depending on whether the added resistor 
was added in series or shunt. However, in all cases 
the source S/N for any given signal level of the origi¬ 
nal source will be reduced. The addition of a simple 
resistor to modify the source then in effect makes the 
source "more noisy," which in turn renders any noise 
of the amplifier system less significant. That can cause 
an improvement in the NF. However, since the signal 
has been made more noisy, the S/N is degraded. 

examples 

Consider the circuit shown in fig. 1. This is a clas¬ 
sic model of a generalized amplifier showing the noise 
parameters. 4 The source Ens is the RMS noise poten¬ 
tial of the source resistor R s . The amplifier noise is 
referred to the amplifier input as two equivalent input 
noise sources: an input noise potential Eni, and an in¬ 
put noise current Im- If you check the specifications 
of various high-performance amplifiers, you'll find 
these parameters. It should also be emphasized that 
as with almost all noise parameters, the total noise 
available from the sources is a function of the noise 
bandwidth, BW N , and the frequency of measurement. 
Generally, the spot noise values (noise per Hertz of 
bandwidth) are specified as a function of frequency. 
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In the model, the amplifier input resistance is R| and 
the voltage gain is Ay. Both of these are defined as 
noiseless because all noise contributions are included 
in the two equivalent input noise sources. It can be 
shown that the optimum source resistance that yields 
the best NF is given by eqn. 6. 2 

Rs (optimum) = £\'///,\7 (6) 

With that optimum source resistance, the optimum NF 
is given fjy eqn. 7. 2 

NF (optimum) = 10 log 

where: k = Boltzmann’s constant = 1.38x10 23 
watts-seconds/ °k 
T - Absolute temperature in °k 

As an example, consider the source as a magnetic 
phonograph cartridge with a source resistance of 1000 
ohms and a noise bandwidth of 20 kHz. Also, con¬ 
sider an LF356 FET amplifier configured for a voltage 
gain of 100. The LF356 parameters from the data 
sheets are given below. 

R| = 10’ 2 ohms 
E N | = 12 nV/Hz @ 1 kHz 
1^1 = 0.01 pA/ Hz @ 1 kHz (shot noise of input 

current) 

Ay = 100 (configured gain) 

To simplify the example, the noise contributions of any 
circuit resistors are ignored. (If we were actually try¬ 
ing to optimize noise performance, those noises would 
be included.) Also, consider that the 1 kHz spot-noise 
values given are constant over the frequencies of in¬ 
terest. From eqn. 6, the optimum source resistance 
is found to be 1.2 megohms; from eqn. 7, the opti¬ 
mum NF at that source resistance is found to be 0.063 
dB! This very low optimum NF is typical of FET-input 
devices, but the very high optimum Rs often results 
in poorer practical noise performance (S/N) than that 
provided by higher noise bipolar devices. This occurs 
because the optimum source resistance for typical 
bipolar elements is often much nearer the value of typi¬ 
cal sources (such as our phonograph cartridge) than 
that of FET devices. This will be demonstrated below. 
The NF for this amplifier with the 1-k source is 9.9 dB. 
That is much poorer than the 0.063 dB optimum. The 
output noise is 179 /A/ RMS. (Note: noise signals must 
be added as powers or by adding their mean-square 
values.) Adding a 1,199,000-ohm resistor in series with 
the 1-k source provides an optimum 1.2-megohm 
source resistance to the amplifier. The output noise 
is then 2 mV RMS and the NF is indeed 0.063 dB. The 
optimum NF configuration will have an output noise 
eleven times higher than the less optimum unmatched 
case and in both cases the gain will be 100 (the 
10 ,2 -ohm amplifier input resistance does not load either 



source configuration significantly). Then, for any giv¬ 
en signal, the optimum NF configuration will exhibit 
an output S/N eleven times poorer than the un¬ 
matched configuration. So, even though the NF is 
poorer for the unmatched case, the noise performance 
is better: 21 dB better! 

Now we'll try matching in a more optimum manner. 
Let the 1-k source be transformed to the optimum 
1.2-megohm resistance with an ideal transformer hav¬ 
ing a 1:34.6 turns ratio. Note that this is not an opti¬ 
mum power match. We'll define the transformer as 
noiseless, but in a very accurate analysis its winding 
resistances would contribute some thermal noise that 
would have to be considered. Also, we'll adjust the 
amplifier gain to provide the same overall gain of 100 
of the previous example to allow simple comparison. 
This does not affect the S/N or NF since both of these 
are independent of system gain and the transformer 
was defined as noiseless. Now the total output noise 
is 57.97 jtV and the noise due to the source alone is 
57.55 n\l, resulting in the expected 0.063 dB NF. With 
the selected amplifier, this configuration will provide 
the best possible S/N for any given signal. It is 9.8 
dB better than the simple unmatched case (20 log 170 
fi\ll 57.97 jAJ) and 30.8 dB better than the resistive 
matched case. 

This may still be a little confusing, and you may be 
convinced that NF is a useless parameter. Let's ex¬ 
amine what was done in the examples above. First we 
started with a device with a 1-k source resistance and 
an amplifier with a 1.2-megohm optimum source re¬ 
sistance and gain of 100. Direct application of the 
source to the amplifier gave us a signal gain of 100 
with a 179 fiV output noise and a 9.9 dB NF. Adding 
a 1,199,000-ohm series resistor gave us an optimum 
noise match with respect to the amplifier, with an out- 


1 + 


E-m • Ini 
2kT 


(7) 
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I Su P er ComShack 64 

fromvour Repeater Controller/Dual Remote/Rutopatch 

MOBittV i u J | Syrstem control interface j | Cartridge Option | R ^ JX/ftx 


System control Interface Cartridge Option 


instant code 
practice mode 
controlled from 
your H T 



H F Remote Base 
2nd Remote or link 


‘Remotely programadle with Touchtones/ change up 
to 9 sets of occess codes from H T or telephone' 
•Synthesized speech consisting of high quality 
male or female digitized human voice 
•Dual Remote ease (H F 4. v H F ) 

•Autopatch & Super Repeater Controller 
•Program voice ID toll message from your H I 
•Automatic voic8 clock 4 activity timers 
•Multiple commands can he executed at once 
(up to 16 digits per command str mg) 

•Sub audible tone 4t speed dial compatible 
•Alarm clock 4 euto-excute command string' 
•Optional outoboot cartridge (nodisk drive needed) 
•Send system commends from telephone line' 


auciidi emu rcdiuics 

Generates random code practice ^ any speed with 
voice reodbacx after each 20 random code group' 
Set CW speed 4 pitch from your H I 
Input up to 22 vocab words & letters as ID or 
mall box message <j» speed dial rates from H T 
Enable/disable up to 50. tel * s • wildcards 


•300 Touchtone loadable Autodial numbers 
plus 10 Emergency Autodial (quick access) 

•300 Reverse patch call signs uploaded from 
your H I /general or directed pagB modes 
•Incoming caller receives voice message to enter 3 
digit code to selective page a cal I sign (0 P mode) 
•Phone number memory readback 
•Enable/disable 50 area codes • wildcard* s 
•Fuller half duplex (repeater on/off) 

•Storage of MCI/Sprint access codes 
•Call waiting allows switching to second phone line 
•Touchtones are regenerated onto the tel /speed dial 
•Touchtone or dial pulse modes 
•Reverse patch active mall modes 


*HF remote supports: Vaesu FT-7S7/767/980 
Kenwood (5-940/990. loom 1C-735 
•2nd remote control data supports Vaesu FT-727 
FT-767 4 Kenwood 711/811-or the-7950 or 
T$- 2530/70 with RAP I (control card ) 

• 10 H F Memory channels/enter or recal I 
•Automatic USB/LSB/FM/AM mode select 
•Scan up/down. fast, or tOOhzsteps 
•Control CS-8 relay/latch /master reset /Status 
•H F /V H F Monitor only or TX enable modes 
•All control Inputs are voice confirmed including 
frequency, mode, scan status, time, outputs on/off 
•VHF remote, as link input. 4 repeater can be active 
Sustem Options 


*8 Latching Relay control (CS-8)* 79.95 

• 3 DPOT 2A relays, 5 open collector outputs 

• user defined2 letter (unction name 4 state 

• automatic PTT fan control/master all off code 
•Optional CMOS auto-boot 72k EPROM Cartridge 

programmed with your parameters 199 95 
•Keypad Control for VHF remote. RAP I 11 49 95 
•Super ComSback Manual ( credit later) 1 15 00 


MODEL CS64S 1349.95 (wired and tested) 


includes computer interlace.disk. cabies4 manual, 
duplex 4 simplex versions are supplied 
(some features not applicable when usingsimplex ) 
I add {4 00 shipping / Ca residents add 6*) 

nASTERCARD/VISA/CHECK/n.O./COO 


Engineering Consulting 

583 Candlewood St 
Brea, Ca 92621 
tel 714 671 2009 




Module installs inside the radio m 15 Mm Boosteudioto 
I waH' low standby drain/Corrects low audio/ lOOOsot 
happy users (Works in other H T s too) 
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ho- . CO her U | Mod. AB I J I 9 95 


50,000 combinations 




| Program your computer in basic to decode multidigit "strings 
\ sound alarms, observe codes . Simple to install. • 12 VDC 

/audio, includes basic program for C64 /WC20/C128. all _ 

j computers' DECODEA-PAO p-todel DAP 389.95 | 

nxp -1 ius: 

Knap 

| | : I " JjcaUMN 1 B*s* 

Remote Keypad Rows & Columns Controller Plus Two 4 digit HI 
I lecoaers (on/off )/Will control frequency of any keypad entry 
I r adio such as ihe k enwood 7950/2530/IC04-AT Easy to install 
I m parallely witn existing keypad/use with ComSnack 64 as a 
| treq controller or witn Pro Search rotor control dox/A versatile 
hoard for all remote control appi'cations The latches may he 
i used for on/off or momentary 

"REMOTE A PAD" j no*.tRAP-l $14995] 


R epea ter pn/ofl Mas ter control 

wired and tested »5 to • 12 Volts/ 

\ User progremeble to 50,000 codes/ 

I All 16 digtts/Seno code once to turn 
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! Latching output/dr ives relay/LED 
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J custom latch iC's 38 95 each/add as 
| many latches os you went to your 
j external board I Model TSD $59 95 
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Ho filters req [ noaci TTK $22 95 


SYNTHESIZED 

SIGNAL GENERATOR 



• Covers 100 MHz to 199 999 MHz in 
1 kHz steps with thumbwheel dial • 
Accuracy +/- 1 part per 10 million at all 
frequencies • Internal FM adjustable from 
0 to 100 kHz at a 1 kHz rate • External FM 
input accepts tones or voice • Spurs and 
noise at least GO dB below carrier • Out¬ 
put adjustable from 5-500 mV at 50 Ohms 

• Operates on 12 Vdc @ y h Amp • 
Available tor immediate delivery • $429.95 
delivered • Add-on accessories available 
to extend treq range, add infinite resolu¬ 
tion. AM, and a precision 120 dB attenuator 

• Call or write for details • Phone in your 
order for fast COD shipment 
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standing nl microprocessor fundamentals and learn 
specialized troubleshooting techniques 

Call or write lor brochure with lull details and 
current schedule Fee is $795 00 

• B and 16 bil systems 
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• Bus Systems 
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put noise of 2 mV and a 0.063 dB NF with the signal 
gain still 100. Since the gain was the same in both 
cases, the output signal would be the same for both 
for a given input signal. Then, since the output noise 
was higher in the second case than in the first, the 
S/N would be poorer, even though the NF was better. 

What did we do wrong to get the lower NF case 
to give us a poorer noise performance? It's actually 
very simple. When we added the series resistance, the 
effective source seen by the amplifier was optimized, 
but the actual source resistance was unchanged. We 
inadvertently defined the source resistance in two 
different ways: as the real source resistance in one 
case and as the source plus a series resistance com¬ 
bination in the other. The 1-k source resistance is part 
of a circuit element that contributes both signal and 
noise. Adding a series resistance adds a circuit ele¬ 
ment that contributes only additional noise and no ad¬ 
ditional signal, so it should be expected that the S/N 
should be made poorer. 

Looking back at eqn. 1, we see that the numerator 
is related to the source noise. If we define the source 
as the 1000-ohm resistance of our actual phonograph 
cartridge, we'll compute one value of output source 
noise, but if we use the 1.2-megohm resistance of the 
combined resistances, we'll find another (higher) val¬ 
ue. As far as our amplifier is concerned, all compo¬ 
nents attached to its input constitute the source. 
However, to our actual source, only its elements con¬ 
stitute the source. When we add resistors to modify 
the source resistance, which value of source resistance 
should we use for the NF calculations? That depends 
upon what we're trying to find. If we wish to find the 
NF of an amplifier, everything tied to the input is then 
the source. If, however, we are trying to determine 
the NF of an amplifier with a specific source, only the 
actual source should be considered as the "source." 
In general, the actual source is the true source as far 
as the total circuit is concerned. Adding extraneous 
components to the source doesn't change its actual 
value, only its apparent value seen by the amplifier. 
Since it's the signal from a specific source that we're 
generally interested in processing, we should always 
compute the "output noise due to the source" in 
eqn. 1 from the actual source of interest and not that 
"seen" by the amplifier input. 

With this in mind, let's go back to our original 
phonograph cartridge source and LF356 amplifier. We 
found that the NF computed from eqn. 2 with the 
source directly applied to the amplifier was 9.9 dB. 
When we added the 1,199,000-ohm resistor and de¬ 
fined the 1.2-Megohm source plus series resistance 
combination as the "source," we found an NF of 0.063 
dB. Now, what would the NF be if we added the se¬ 
ries resistor but still used the 1000-ohm value as the 
source resistance? It would be 30.9 dB! This clearly 


shows that with respect to our actual source, the ad¬ 
dition of a series resistor only makes the NF poorer. 

If we could in some manner make the actual source 
resistance and the source resistance seen by the am¬ 
plifier equal the optimum source resistance, we would 
achieve the best possible noise performance. For ex¬ 
ample, if we could place in series 1200 of our phono¬ 
graph cartridge sources (with each delivering the same 
signal), we would achieve the optimum source resis¬ 
tance with the actual source. That would provide the 
optimum NF and a very good S/N because the avail¬ 
able signal power would be 1200 times that of a sin¬ 
gle source. However, that solution is obviously very 
impractical. We could possibly redesign the source to 
exhibit the 1.2 megohm resistance, but that too is 
generally impractical. The transformer offers us a very 
practical means of transforming the source resistance 
to the optimum needed, and well-designed transform¬ 
ers can do this almost noiselessly. With a transform¬ 
er, both the signal level and source impedance are 
scaled together: potentials and currents by the turns 
ratio, and resistances by the turns ratio squared. This 
maintains the source S/N, as seen by the amplifier, 
constant. So, in our example, the entire equivalent 
1.2-megohm source resistance at the transformer out¬ 
put contributes signal, 34.6 times more than the 1k- 
ohm source with a 1,199,000-ohm series resistor, with 
the same noise contribution of the optimum 
1.2-megohm resistance. That obviously results in a 
much better S/N than the simple addition of a series 
resistor because the signal has been increased along 
with the increase in the source resistance seen by the 
amplifier. 

In some applications we have control of the design 
of the source and can tailor its resistance to optimize 
noise performance with a specific amplifier. Howev¬ 
er, in the majority of cases the source resistance is 
fixed and we must select, or design, an amplifier 
whose optimum Rs is close to the specified source, 
or use a transformer to provide noise matching. For 
example, the LM1897 amplifier has an optimum NF 
of 1.82 dB at an optimum source resistance of 5.33 
k. That optimum NF is much poorer than the 0.063-dB 
value of the LF356. However, this amplifier provides 
a 3.87-dB NF with the 1-k source resistance, which 
is much better than the 9.9-dB value provided by the 
lower noise LF356 with the 1-k source resistance. The 
higher noise amplifier, with the specified source re¬ 
sistance, will actually provide a 6-dB higher S/N than 
the lower noise unit for any given signal. This is be¬ 
cause the LM1897 has an optimum source resistance 
value that more closely matches the 1-k source than 
the LF356. This shows that just because one amplifi¬ 
er has lower optimum noise figure than another, it may 
not provide better noise performance in a specific con¬ 
figuration or application. 


April 1387 EB 93 



pnmi 



The monthly magazine with a natural blending of two 
popular hobbies - Ham Radio and Computers 
* Articles on Ham Radio & Most Personal Computers 
★ Hardware & Software Reviews 
★ Various Computer Languages 
* Construction Articles 
* Much Much More 

Your #1 Source for PACKET Info 

“...received my moneys worth with just one 
issue...” 

— J. Trenbick 

“...always stop to read CTM, even though 
most other magazines I receive (and write for) 
only get cursory examination...” 

—Fred Blechman, K6UGT 

U.S.A.$18.00 for 1 year 

Mexico, Canada.$32.00 

Foreign.$43.00(land)-$68.00(air) 

(U.S. funds only) 

Permanent (U.S Subscription).$150.00 

Sample Copy.$3.50 



Circulation Manager 
1 704 Sam Drive 
Birmingham Alabama 36235 
Phone 205/854 0271 


Name _ 

Call Sign_ 

Address _ 

City _State_ 

Zip_Phone_ 

Date_ 


Signature _ 

^ 141 



Finally, there's the question of how the optimum 
NF sou fee resistance relates to the optimum power 
match source resistance. That's very simple; they're 
totally unrelated. To demonstrate this, we can use a 
transformer to match the 1-k source resistance to the 
10 12 -ohm input resistance of the LF356, a turns ratio 
of 1:31,620. This will provide an optimum power match, 
but the NF will be 37.8 dB! That's considerably poor¬ 
er than the 0.063 dB optimum NF provided at the op¬ 
timum noise match. This is because the optimum noise 
source resistance is related to the equivalent input 
noise sources, and the optimum power match source 
resistance is related to the input resistance. In gener¬ 
al, the equivalent input noise sources and the input 
resistance are unrelated, rendering the optimum 
matching resistances similarly unrelated. 

The principal purpose in optimizing the power 
matching is to maximize power gain. In the case of 
optimizing noise performance, gain is not a particu¬ 
larly important consideration since additional gain 
stages may be added to obtain the total desired gain 
once the optimum noise performance is achieved. 
However, the process cannot be approached in re¬ 
verse; you can't match for optimum gain and then op¬ 
timize noise performance. 

When using NF parameters specified for some 
specific device with which you are designing, you must 
carefully examine those specifications to be sure you 
understand what's presented. This is particularly true 
in the case of rf components. Quite often curves of 
optimum noise figure are presented showing the op¬ 
timum NF as a function of frequency or bias current, 
but rarely is the actual value of the optimum source 
impedance given. Only at the optimum source impe¬ 
dance can the optimum NF be achieved. Since most 
rf measurements are made in systems of standard im¬ 
pedance such as 50 ohms, it might be assumed that 
the NF curves are given for that source impedance. 
If you make that assumption, you'll often find that you 
can't achieve the NF values specified. In other cases, 
only the NF curves at the measurement system impe¬ 
dance are given, providing no information for optimiz¬ 
ing the source impedance for best NF. Even worse, 
you often can't tell from the provided information 
which source impedance was used. There are, of 
course, exceptions such as the NE388 series MESFET, 
but these are all too rare. 

The situation is much better in the area of the low¬ 
er frequency components. For those components, the 
“Contours of Constant Noise Figure” are quite often 
given. These show numerous curves of NF as a func¬ 
tion of source resistance, operating point, frequency, 
etc. Using these data, one can quite effectively de¬ 
sign low-noise audio, i-f and low-frequency rf ampli¬ 
fiers that provide the performance predicted by the 
mathematical design. In fact, performance somewhat 
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better than that specified for the part can often be 
achieved because the manufacturer must use conserv¬ 
ative specifications to allow for a range of variation 
in the component line. In those cases where sufficient 
data isn't provided, you must make your own meas¬ 
urements of the various needed parameters. At lower 
frequencies that's relatively simple, but at the higher 
frequencies (i.e., greater than 100 MHz), that can be 
quite difficult without a collection of precision 
equipment. 

In conclusion, noise figure can be an excellent 
figure-of-merit for assessment of the potential noise 
performance of amplifiers and other systems, but a 
thorough understanding of the parameter is necessary 
if it's to be successfully applied. The performance sug¬ 
gested merely by the good noise figure of a device may 
not be reflected in the actual signal-to-noise ratio 
achieved from the device in a practical application. In 
an application where the source characteristics are 
predefined, it's generally more important to use an am¬ 
plifier with an optimum source resistance that closely 
matches the specified source resistance than to merely 
choose an amplifier with the lowest possible noise fig¬ 
ure. In no case can the signal-to-noise ratio of a sys¬ 
tem be improved by modifying the source resistance 
with a series or shunt resistor for making the combined 
resistance equal to the optimum source resistance for 
the system. This process can indeed result in the op¬ 
timum noise figure with respect to the apparent source 
seen by the amplifier, but will always degrade the out¬ 
put signal-to-noise ratio for any given signal. If the 
"source" element used for determining the noise fig¬ 
ure is always chosen as the actual source alone, 
meaningful results will be obtained. 

It should be understood that the parameter noise 
figure is simply a figure-of-merit. In practical systems, 
it's the actual signal-to-noise ratio that's of primary in¬ 
terest. However, the optimum noise figure for an am¬ 
plifier (or other system) does represent the best 
possible performance that can be achieved with that 
amplifier when the source resistance is properly 
matched to the optimum resistance for the amplifier. 
If you always compute noise figure using the actual 
physical source as the source referred to in eqn. 1, 
you'll always arrive at a correct result. 
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HF Fquipment 

Regular SALE 

1C-735 HF transceiver/SW rcvr/mic t 

999.00 799" 

PS-55 External power supply. 

199 00 179" 

AT-150 Automatic antenna tuner... 

445 00 349" 

Until 3-31-87 . 


1 $50 FACTORY REBATE on AT-150 

FL-32 500 Hz CW litter. 

6650 

EX-243 Electronic keyer unit. 

56 00 

UT-30 Tone encoder . 

17.50 
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IC-751A 9 band xcvr/ 1-30 MHz rcvr 

PS-35 Internal power supply. 

FL 32 500 Hz CW titter (1st IF). 

FL 63 250 Hz CW filter (1st IF). 

FL-52A 500 Hz CW filter (2nd IF)... 
FL-53A 250 Hz CW tiller (2nd IF)... 

FL-33 AM litter. 

FL 70 2 8 kHz wide SSB tiller. 

RC-10 External frequency controller 
Other Accessories.' 

IC-2KL 160 15m solid state amp w/ps 

PS-15 20A external power supply. 

PS-30 Systems p/s w/cord, 6-pin plug 
OPC Opt cord, speedy 2, 4 or 6 pin 
MB Mobile mount. 735/745/751A .... 

SP-3 External speaker. 

SP-7 Small external speaker. 

CR-64 High stab ret xtal (745/751) 

PP 1 Speaker/patch. 

SM-6 Desk microphone. 

SM-8 Desk mic • two cables. Scan. 

SM-10 Compressor/graph EQ. 8 pm mic 
AT-100 100W8 band auto antenna tuner 
AT-500 500W9 band auto, antenna tuner 
AH 2 8 band tuner w/mount & whip 
AH-2A Antenna tuner system, only.... 


1649 00 1399 
199 00 179 ,! 
66 50 

54.50 

108 00 99" 
108 00 99" 
3525 
52.00 
3925 

Regular SALE 
199900 1699 
169 00 154" 
299 00 269" 
1000 
24 50 
6100 
4900 
63.00 

159.25 149" 
4495 

78.50 

136 25 124" 
445 00 389" 
55900 489" 
625.00 549" 
495 00 429" 
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1C-745 9 band xcvr w/ 1-30 MHz rcvr 1049 00 899” 1 

PS-35 Internal power supply. 

199 00 179” 

EX-241 Marker unit. 

2250 

EX-242 FM umi. 

44 00 

EX-243 Electronic keyer unit. 

56 00 

FL 45 500 Hz CW titter (1st IF). 

66 50 

FL 54 270 Hz CW titter (1st IF). 

53 00 

FL-52A 500 Hz CW titter (2nd IF) 

108 00 99" 

EL-53A 250 Hz CW filter (2nd IF) 

108 00 99” 

FL 44A SSB filter (2nd IF). 

178 00 159" 


Other Accessories - continued: Regular SALE 

GC-5 World clock. 91 95 89” 

6-meter VHF Portable Regular SALE 

1C 505 3/10W 6m SSB/CW portable 549 00 489” 

EX-248 FM unit. 55.50 

LC-10 Leather case. 39.50 

VHF/UHF base multi-modes Regular SALE 

IC-551D 80W 6-meter SSB/CW. 799.00 719” 

EX-106 FM option. 140 00 126" 

BC-10A Memory back up. 9.50 

IC-271A' 25W 2 meters... CLOSEOUT 859 00 699" 

AG-20‘ Internal preampldier. 64.00 

IC-271H 100W 2m FM/SSB/CW. 1099 00 969" 

AG-25 Mast mounted preampldier... 9500 
IC-275A 25W 2m FM/SSB/CW w/ps 1199 00 1049 

IC-471A' 25W 430 450_CLOSEOUT 979.00 769” 

AG I - Mast mounted preamplifier . 99 50 

IC-471H’ 75W 430-450 ... CLOSEOUT 1399.00 999" 
AG-35* Mast mounted preampldier 95.00 


['Preamp S9»» with 271A/471A/471H Purchase 

Accessories common to 271A/H and 47IA/H 
PS-25 Internal power supply tor (A)... 115 00 104" 
PS-35 Internal power supply lor (H)... 199 00 179" 

SM-6 Desk microphone. 44 95 

EX-310 Voice synthesizer. 46 00 

TS-32 CommSpec encode/decodet.... 59.95 
UT-15 Encoder/decoder interlace... 14 00 

UT-15S UT15Sw/TS 32 installed. 92.00 

VHF/UHF mobile multi-modes Regular SALE 
IC-290H 25W 2m SSB/FM. TTP mic... 639 00 569" 
IC-490A 10W 430 440 SSB/FM/CW 699 00 599" 
VHF/UHF/1.2 CHz FM Regular SALE 

IC-27A Compact25W2m FMw/TTPmic 42900 369" 
IC-27H Compact 45W 2m FMw/TTP mic 459 00 399" 
IC-37A Compact 25W 220 FM, TTP mic 499 00 439” 
IC-47A Compact 25W 440 FM, TTP mic 549.00 479” 
PS-45 Compact 8A power supply... 139.00 129” 
UT-16/EX-388 Voice synthesizer... 34 99 

SP-IO Slim line external speaker... 35.99 

IC-28A 25W 2m FM, UP/DN mic. 429 00 369” 

IC-28H 45W 2m FM, UP/DN mic. 459.00 399" 

IC-38A 25W220FM. 45900 399" 

IC-48A 25W 440 450 FM . 459 00 399" 

HM-14 TTP microphone. 55 50 

UT-28 Digital code squelch. 37 50 

UT-29 Tone squelch decoder. 43 00 

HM 16 Speaker/microphone. 34 00 

IC-3200A 25W2m/440 FMw/TTP.... 59900 499" 

UT-23 Voice synthesizer. 34 99 

AH-32 2m/440 Dual Band antenna ... 37 00 

AHB-32 Trunk-lip mount. 34 00 

Larsen PO-K Root mount. 20.00 

Larsen PO TLM Trunk-lip mount_ 2018 

Larsen PO MM Magnetic mount.... 19.63 

RP-3010 440 MHz, 10W FM, xtal cont 1229 00 1089 

1C-120 1W 12 GHz FM Mobile. 57900 499" 

ML 12 1.2 GHz 10W amplifier. 379 00 339" 

IC-1271A 10W 1 2 GHz SSB/CW Base 1229 00 1069 
AG-1200 Mast mounted preamplifier 10500 

PS-25 Internal power supply. 115 00 104" 

EX-310 Voice synthesizer. 46.00 

TV-1200 ATV interlace unit. 12900 119” 

UT-15S CTCSS encoder/decoder... 92 00 

RP-1210 1.2GHz. 10WFM.99ch synth 147900 1289 


■ Hand-helds Regular SALE 

1C 2A 2 meters. 279 00 249" 

IC-2AT with TTP. 299.00 259" 

1C 3AT 220 MHz. TTP 33900 299" 
IC-4AT 440 MHz, TTP 33900 299” 

1C 02AT 2 meters. 369 00 299" 

IC-02AT/High Power 399 00 339” 
1C 03AT for 220 MHz 449 00 399" 
1C 04AT lor 440 MHz 449 00 389" 

1C u2A 2 meters. 299.00 269” 

IC-U2AT with TTP. 329 00 289". 

Accessories for IC-U2A/T (CALL) 
IC-12AT 1W12GHz FM Hl/batt/cgr/TTP 45900 399" 

A 2 5W PEP synth aircraft HI. 599 00 499” 

Accessories lor 1C series Regular 

BP 7 425mah/13 2V Nicad Pak use BC 35 74 25 
BP 8 800mah/8 4V Nicad Pak useBC-35... 74 25 
BC-35 Drop in desk charger lor all batteries 74 50 

BC 16U Wall charger lor BP7/BP8. 20 25 

LC-11 Vinyl case lor Dlx using BP 3. 20 50 

LC-14 Vinyl case lor Dlx using BP-7/8 . 20 50 

LC-02AT Leather case tor Dlx models w/BP 7/8 54 50 
Accessories lor 1C and IC-O series Regular 
BP-2 425mah/7 2V Nicad Pak - use BC35 ... 47 00 

BP 3 Extra Std 250 mah/8 4V Nicad Pak_ 37 50 

BP-4 Alkaline battery case. 15 25 

BP 5 425mah/10 8V Nicad Pak use BC35 58 50 

CA-5 5/8 wave telescoping 2m antenna. 18.95 

FA-2 Extra 2m flexible antenna. 11 50 

CP 1 Cig lighter plug/cord lor BP3 or Dlx ... 13 00 

CP-10 Battery separation cable w/clip. 22 50 

DC-1 DC operation pak for standard models 23 25 

MB 160 Mobile mtg bkt for all HTs. 24 50 

LC-2AT Leather case tor standard models.... 54 50 

RB 1 Vinyl waterproof radio bag. 34 95 

HH-SS Handheld shoulder strap. 16 95 

HM-9 Speaker microphone. 47 00 

HS-10 Boom microphone/headset. 23 25 

HS-10SA Vox unit foi HS-10 & Deluxe only 23.25 

HS 10SB PTT unit lot HS 10. 23.25 

ML 1 2m 2 3w in/lOw out amplilier ... SALE 99 95 

SS-32M Commspec 32-tone encoder. 29.95 

Receivers Regular SALE 

R-71A 100 kHz 30 MHz, 117V AC.$949 00 799" 

RC-11 Infrared remote controller. .. 6725 

EL-32 500 Hz CW litter. 66.50 

FL-63 250 Hz CW filler (1st IF). 54 50 

FL 44A SSB tiller (2nd IF). 178 00 159” 

EX-257 FM unit.. 42.50 

EX-310 Voice synthesizer.... 46.00 

CR-64 High stability oscillator xtal 63.00 

SP-3 External speaker. 6100 

CK-70 (EX-299) 12V DC option.. 12 25 

MB 12 Mobile mount. 24.50 

R-7000 25 MHz-2 GHz scanning rcvr 1099 00 969” 
RC-12 Infrared remote controller... 67.25 

EX-310 Voice synthesizer. 46 00 

TV R7000 ATV unit. 131.95 119" 

AH-7000 Radiating antenna. 89 95 ($ 5 ) 


HOURS • Mon. thru Fri. 9-5:30; Sat 9-3 

Milwaukee WATS line 1-800-558-0411 answered 
evenings until 8:00 pm Monday thru Thursday 

WATS lines are for Quotes & Ordering only, 
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All Prices in this list are subiect to change without notice 


In Wisconsin (outside Milwaukee Metro Area) 

1-800-242-5195 
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4828 W. Fond du Lac Avenue; Milwaukee, Wl 53216 • Phone (414) 442-4200 

- AES' BRANCH STORES - Associate Store 


WICKLIFFE. Ohio 44092 
28940 Euclid Avenue 
Phone (216) 585-7388 
Ohio WATS 1-800 362-0290 

W1-800-321-3594 


ORLANDO. Fla. 32803 CLEARWATER. Fla. 33575 LAS VEGAS. Nev. 89106 CHICAGO. Illinois 60630 
621 Commonwealth Ave 1898 Drew Street 1072 N Rancho Drive ERICKSON COMMUNICATIONS 

Phone (305) 894 3238 Phone (813) 461-4267 Phone (702) 647-3114 5456 N Milwaukee Avenue 

Fla WATS 1 800 432-9424 No In State WATS No In-State WATS Phone (312) 631-5181 

Fiouda' 1 ■ 800-327-1917 No Nationwide WATS ftSS 1-800-634-6227 ?£* 1-800-621-5802 
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a spring dx solution 

Atmospheric noise from thunder¬ 
storms can be a problem when you're 
chasing DX during this time of the 
year. Noise is propagated via the 
ionosphere just like DX. 

In March and April, spring storms 
occur in the northern hemisphere. 
Fronts of warm and cold air generate 
the first major thunderstorms of the 
year, with fast-moving cold fronts 
producing particularly potent thunder¬ 
storms. As a storm front approaches 
your area, you'll begin to hear a sig¬ 
nificant increase in the noise level. 
You'll first notice this increase at a one- 
hop distance (about 600 to 1200 miles) 
when the storm front is about one day 
west of your location. You can reduce 
the received noise a few dB by using 
a directional antenna such as a rotat¬ 
ing Yagi or a phased vertical array. De¬ 
termine the noise direction and work 
DX in the opposite direction, or do 
your best to null it out using a direc¬ 
tional trade-off between signal and 
noise strengths. Antennas with a low 
take-off-angle (TO A) at the operating 
frequency are best because noise nor¬ 
mally arrives at angles greater than 30 
degrees. 

As the front draws nearer, the noise 
level will usually decrease until it's with¬ 
in a ground-wave's distance (about 50 
miles). Now, loud individual discharges 
will be heard. A horizontally polarized 
antenna is the best radiator to use to 
lower the noise as much as possible. 
As the storm approaches, its sounds 


Garth stonehocker, KORYW 


become part of the "local noise"; as 
it moves away, its noise decreases, 
then increases again as the front 
reaches the one-hop distance point a 
day or so later. The directional-low 
TOA antenna again becomes helpful. 
(Correlate your observations with storm 
progress reports on the local television 
weather program.) 

In looking for rare DX, you can save 
time by tracking storms in order to pin¬ 
point when and where the most favor¬ 
able listening conditions are likely to 
occur. 

Over the years of gathering informa¬ 
tion for and writing this column. I've 
kept an ear open for data that would 
verify the events and propagation con¬ 
ditions presented in previous last- 
minute forecasts and highest band 
available charts in this column. To 
track the accuracy of these predic¬ 
tions, I plot daily values of solar flux 
and geomagnetic A (index) on a 
27-day epoch graph and find it's hard 
to be right much over 60 percent of the 
time. 

To verify published data, I monitor 
the ham bands and keep data collec¬ 
tion in mind while DXing. What I 
usually look for is the highest band 
with signals, then note where they're 
coming from and the time the band is 
changing (out or in) towards that 
direction. During the month, I get a 
better sense of how good that month's 
chart was. 

What do you think? Could the chart 
information be better? Let me know 
how you think it's working. 


last-minute forecast 

DX conditions on the higher fre¬ 
quency bands, 10-30 meters, are ex¬ 
pected to be best through the first 
week and a half. The probability of 
transequatorial openings should be 
greater during this period of higher- 
than-normal solar flux, especially if 
geomagnetic disturbances materialize 
as expected on the down slope of this 
short-term flux peak. This month is still 
within the spring equinox disturbance 
window, so be aware and take advan¬ 
tage of this opportunity to work some 
southern stations. 

The lower frequency bands will 
probably be affected by the distur¬ 
bances expected around April 8-10 and 
15-20. However, these will affect east, 
north, and west paths with lower 
MUFs and lower signal strengths with 
QSB. Look for DX from unusual loca¬ 
tions if the disturbance isn't too strong 
— K's greater than 5 or 6. Otherwise, 
the second and third weeks should be 
good for DX, with low atmospheric 
noise except when spring weather 
frontal thunderstorms pass your QTH. 

The perigee of the moon's orbit (for 
moonbounce DX) is on the 18th, with 
the moon showing full phase on the 
14th. There will be a short meteor 
shower, the Lyrid, on April 20-22, with 
a rate of five per hour — hardly much 
help for meteor-scatter DX. But a big¬ 
ger shower, the Aquarid, starts before 
the end of April, peaks on May 5, and 
ends in mid-May. Its rate is 10 to 30 
per hour. 

On March 29, expect a total eclipse 
of the sun in the southern part 
of South America and Antarctica, go¬ 
ing up to Southeast Europe and Asia. 

Ten, twelve and fifteen meters, the 
day-only DX bands, will be open mid¬ 
day to early evening almost every day 
to southern areas of the world. The 
openings on the higher of these bands 
will be shorter (if they occur at all), 
closer to local noon, and provide a 
possibility of transequatorial openings. 

—' 1 / 1 / 1 /—► 
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The italicized numbers signify the bands to try during the transition and early morning hours, while the standard type provides MUF during “normal" hours. 
*Look at next higher band for possible openings. 
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DOWN EAST MICROWAVE 



KENWOOD 
n icom S' 


MM 10013 


MICROWAVE ANTENNAS AND EQUIPMENT 

• Loop Yogi* • Ponror Dlvldar* • Lirt**r AOpBWfl • Comp»#t* 
Array* • Mkrowav* Tranavactara • QaAaFET Praamp* 

• TROPO • EME • Waak Signal • OSCAR • M2 • 12M • 1266 

• 2304 • 2400 ’ 3454 M Hr 

2346 LY 46*1 loop Yogi I2M MHt 20dBl M3 

1346 LY 45*1 loop Yagl 2304 MHz 20dBI U0 

3333 LV 33*1 loop Yagl 602 MHz 16 SOBI M3 

Abova antannaa asaamblad and teatad Klla available 
All Aluminum and Stainiaaa Construction 
Add SB UPS S/H. fi i Waal of trva Miaalaaippi 
2316 PA Unaar Amp 1W In 1IW out 1266 MHz 13.5V. S245 ppd. 
2335 PA Llnaar Amp 10W In 35W out 1266 MHz 12.5V. 6266 ppd 

NEWI MICROWAVE TRANSVERTERS 
BY LMW ELECTRONICS 

12MTRVM) «W, OaAaFET, I m Out pul U.I.- MW 

2XMTRV30 2W OaAaFET. T/R SutjuurK.t Output Meier INI 

Add $6 tor shipping UPS/48 
Stripped down version, kits si so available 

-. Write For FREE Catalog ___ 

DOWN EAST MICROWAVE U 
1 Bill Olson, W3HOT 
Bo* 1855A RFO *1, Burnham. ME 04823 U.S.A. 
(207)848-3741 


With an RC-850 controller, your repeater becomes fully remotely programmable - 
command codes, timers, autodial numbers. ID and tail messages . virtually every para¬ 
meter can be easily changed. Touch-Tone programming from your radio or the phone with 
synthesized voice confirmation. 

The patch supports local and radio-linked remote phone lines, so you can extend your 
patch coverage to match your RF coverage. Now you can have a full featured patch even 
if you can t gel a phone line at your site The 250 autodial slots meet everyone's needs, 
with up to 35 digit storage for MCI/Sprint 

The easy-to-use mailbox lets you include phone numbers, limes, or frequencies as 
parts of messages. And it's so smart, it'll leave you a message if you miss a reverse patch 
or an alarm. 

Selective call capabilities range from two-tone to numeric display paging, so you'll 
always be available And its voice response metering continuously stores low and high 
readings - so you can find out how cold it gets, how high the reflected power reads and 
when. 

Individual user access codes, with callsign readback. give you secure access lo 
selected functions to completely prevent horseplay 

Advanced Computer Controls continues to lead the way in advanced repeater technol¬ 
ogy. changing the face of amateur repeaters every day. ACC controllers offer users, control 
operators, and site managers features and tools to make operation more convenient, useful, 
and FUN! 

The industry's top-of-the-line controller - for your repealer 


CICC 


advanced 
computer 
controls, inc. 


2356 Walsh Avenue 
Santa Clara, CA 95051 

(408) 727-3330 


AND RENEW 


TOLL-FREE 


ham.. 

radio 


1 YR - S22.9S 2YRS $38.95 


3 YRS $49 95 
Prices U S. only 

□ MASTERCARD 
VISA 

Pleas* have you' charge card ready 

i BILL ME 


DAT/VTE L 


800 - 341-1522 


Weekdays 8 AM - 9 PM EST • Saturdays 9 AM - 5 PM EST 
IN MAINE CALL COLLECT (207) 236-2896 


OUR 800 NUMBER IS FOR SUBSCRIPTION ORDERS ONLY! 
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The RC-850 Repeater Controller ... 

when only the best will do. 


AUTHORIZED KENWOOD 
I-C0M RADIO DEALER 


H L HEASTER INC 203 Buddiannon Pike. Clarksburg W 
Va 26301 Clarksburg Phone (304) 624 5485 or W Va loll 
Free 1-8003523177 

HAROLD HEASTER, KA80HX. 91 Ridgelreid Place. Ormond 
Beach fl 32074 Flonda Phone (904) 673 4066 

NEW NATION W10E TOLL FREE TELEPHONE I 800-84-RADIO 
1-8884472344 

Call us lor a quotabon "WE WILL SAVE YOU MONEY! 


MOBILE RADIO MOUNTS 


Govornmenl • industrial 
Commercial • Recreational 

All Nam I9B7Y-S Catalog FREE 


IIX Equipment Ltd. mmm ^ 
P.O. Box« Oak lawn. IL 60454 (312) 423-0805 


For Errors or Change of Address CALL ham radio 
direct at (603) 878-1441 8-5 EST 
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SPECIALIZED COMMUNICATIONS 
FOR TODAY’S RADIO AMATEUR! 




If you are ACTIVE in FSTV 
SSTV, FAX, OSCAR, PACKET, 
RTTY, EME, LASERS, 
or COMPUTERS, then you need 

“ SPEC-COM !” 

Published 10 Times 
Per Year 
By WBOQCD 

(Serving Amateur Radio Since 1967!) 


48 Pages per issue. Loaded with News, Articles, Projects, and Ads. 

SIGN UP TODAY AND GET 3 BACK ISSUES “FREE”! 

Join our growing membership at the regular $20 per year rate and we will send you 3 back 
issues (of your choice) absolutely "free”! We also have 2 and 3 year discounts at just $38 
and $56. Foreign surface and air mail subscriptions also available, please write for 
details. Add $2.00 for a special 19-year "master article index” issue. Allow 2-3 weeks for 
your first issue. Special TRS-80C. Commodore 64. Apple, IBM Software Catalog Available! 

THE SPEC-COM JOURNAL 
P.O. BOX H, 

LOWDEN, IOWA 52255 



VISA 


Credit Card Orders (5% added) 


Iowa Residents Add 4H State Sales Tax 


L 


J 


Twenty, thirty, and forty meters ate 
both day and night bands. Twenty 
meters is the maximum usable band 
for DX in the northern directions these 
days during the daytime; it then teams 
up with 30 meters to extend this cover 
age into evenings. Forty meters be¬ 
comes the main over-the-pole DX 
daytime band, with some hours cov¬ 
ered by 30. 

Eighty and one-sixty meters, the 
night-only DX bands, will exhibit short- 
skip propagation during daylight 
hours, then lengthen for DX at dusk. 
These bands follow the darkness path, 
opening to the east just before your 
sunset, swinging more to the north- 
south near midnight, and ending up in 
the Pacific areas during the hour or so 
before dawn. Eighty is the maximum 
usable band for some night hours now 
during the sunspot minimum part of 
the cycle; consequently, signal 
strength quality can be expected to im¬ 
prove. Remember the DX windows of 
3790 3800, 1825 1830, and 1850 1855. 
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SSB ELECTRONIC TRANSVERTERS A PREAMPLIFIERS 

LT ?S 

144/78 XVRTH 70W GaAsfel DBM 

TBA 

U33S 

907/144 Xvrtr 70W GaAslel 

$549 

l T?3S 

1796/144 Xvrtr 10W GaAslel 

S549 

MICRO 1.1 7304/144 XVRTR 0 5W GaAslel 

S479 

MICRO X 

10368/144 Xvrtr 0 1W GaAsfel 

$599 

DX 

senes low no«se GaAslel preamps lrom$l?9 

MV 

senes mast mounted GaAslel preamps$199 



senes r* cnvtrs GaAsfel DBM from 

S129 

TRANSVERTERS UNLIMITED 


1221X28 

220 Mh/ Xvrtr 28 Of 50 IF. 70 W 

$270 

1144/78 

144 Hh; Xvrtr 78 or 50 IF 25 W 

$199 

PA?3?00 

1796 Mfu 7 lube PA 200W . 

$799 

PA73150 

1796 ?lube PA 150 ♦ W 

$449 

PA 1375 

7304 ttube PA 75* W 

$479 

HUM 

MkjIi ivower relay 7fcw at 144 Mh/ 

$179 

RK500 

Medium power relay 1KW ai 144 Mft/S 69 

Call or write for catalogue 

199 

TRANSVERTERS UNLIMITED HANS PETERS (VE3CRU) 

R0X 6286 STATION A (416) 759 556? 

TORONTO 

ONTARIO 


CANADA M5W IP3 



Sub Problem? 
Contact Sue. She’ll 
fix it for you! 
(603) 878-1441 
Ham Radio 

Greenville, N. H. 03048 










MR. NICAD 

REPLACEMENT 
BATTERIES FOR 
COMMUNICATIONS 


Nickel-Cadftl us. Alkaline, lithium, rtf. 
ICON - BP-3 Repack - 112.00 
BP-?. BP-5. BP-8 Repacks. 

hft HOT POO PACKS FOR ICON ?A. ?AI, 
0?AT. B CELL 10* - 800 *Wt. 10 CELL 
l?.5v - 500 HAU.149.95 C«. 

Faesu. Kenwood, Santee. A/Oen. 
T«mpo. Standard. Cordless Phone 
etc. 


MR NICAD 
E.H. YOST & CO 

EVERETT M YOST RR el BOX #37 

KB9XI SAUK CITY. Wl 53583 

(608) 643-3194 

send for meat, tilery p- :*e list. 
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BLACK DACRON® POLYESTER 
ANTENNA ROPE 

•UV-PROTECTED 

•HIGH ABRASION RESISTANCE 

•REQUIRES NO EXPENSIVE 
POTTING HEADS 

•EASY TO TIE 6 UNTIE KNOTS 
•EASY TO CUT WITH OUR HOT KNIFE 
•SIZES: 3/32" 3/16" 5/16" 

•SATISFIED CUSTOMERS DECLARE 
EXCELLENCE THROUGHOUT U.S.A. 

LET US INTRODUCE OUR DACRON* 1 ' 
ROPE TO YOU • SEND YOUR NAME 
AND AODRESS AND WE'LL SEND YOU 
FREE SAMPLES OF EACH SIZE AND 
COMPLETE ORDERING INFORMATION 

_^ ✓ 135 

textiles.inc. •.-«* * • • 


GIVE YOUR EARS A BREAKI 


AUTOKALL 

AK 10 

^ 136 



'•-AafaAiii A« 10 »saOTMf '» i**/*'* 'o meettoma' 

i/c» J- your VHf UHf HI irjMCfi**’ VAftnr #11 Toi/ vpf ***■ 

«jhm ww* t*«d* t«x Pfvtn/J ) Ofl*' to*/* Iwto* <o0e lhJi 
i «ne it* i»i 1 1 ao« i Riif to Me *o ji* 'f* c*/ii* n* tw«* But •* wwon# *eh 
»o reach ros. if** tan Deal 'v with two o« wt ham* atnwrtto** 

Ml fit 

• AnevneManafuai i«um • 8 «i **«/ p*r»nal todt m v«.on<h »Wh imaN Hrtam 

ho papMl io tow • Spraae 1*1*16 auiMfia«ahv to worn uan^r aM 

• nt% >*4 IfO on to h* you 6 «uj«* xomety* cal*M >• «o>- wfff J*i« 'mm iff 

• j • • IS vDt CMOS ciuwt'* p»i»»i 4 *i *oi wi* fi/'foi 48 WSM 4 • 8 uiit 01 
•peak** (itoinai ip*a*p i«> **» pn»r4*4 • Mfjwn on'* i . • i • v 
vhn • Ok odn all 16 (tyd 


Motion Electronics 

695 w 21st 




Fugene OB 97405 

503 687 2MB 


O 


•’truth tn»w » I'aUffna'* t*i AtAt 


AUTO KALL AK 10 


*89 95 


Aji 100 
UnKwno 
•va^e-vj 


117 VAC M«**' lupp'y ini 
audio Mid coil included 


The RC-85 Repeater Controller ... 
the affordable controller for any repeater. 

The RC-85 controller offers the high tech basics ot repeater control. Of 
course, much of what we consider the "basics" aren't found anywhere else, at any 
price. Remote programming lets you configure the operating characteristics of 
your repeater, and change them at any time - without a trip to the hill. Non-volatile 
memory remembers your parameters, even after a power loss. 

Synthesized speech makes it easy lor users to interact with the repeater 
Commands are acknowledged, and information is available to users, through 
remotely programmable ID, tail, and bulletin board messages And since your 
repeater talks, it's friendly and fun to use. 

The patch includes ten emergency autodial numbers, and 190 user loadable 
autodial slots. With toll restrict, “cover tone", and more 

The remote base capability lets you connect a transceiver to your repeater, 
for remotely commanded linking to other repeaters and simplex channels. With 
full frequency control! Frequency agile linking is invaluable in public service com¬ 
munications . 

There s even more . . . a talking s-meter so users can check how well they're 
getting into the repeater, a site alarm for security, remote control logic outputs 
for controlling other equipment at the site. 

There s never been a better time to upgrade your repeater system with 
ACC s products, unmatched in the industry in quality, sophistication, and perfor¬ 
mance. With well written, illustrated, easy to read manuals, training tapes, and 
telephone support. 

Please call or write now for the rest ot the story on all our repeater products, 
including controllers, digital voice storage units, and other Touch-Tone control 
products. 

You’ll be GLAD you did. 

advanced 
K M K IK I computer 

controls, inc 


2356 Walsh Avenue 
Santa Clara CA 95051 

(408) 727-3330 


NEMAL ELECTRONICS 


HARDLINE — 50 OHM 

Nemal No DascriptNM ft 

FXAI? 1/2* AtaMium Buck ticket M 

FICI? 1/2 * Cor* Copper Blk Ikt 159 

flC78 7/8 Cot. Coppe» 3 9? 

NM12AI h Conn 1/2 Alum i Male or female) 

NMI7CC NConn !/? Copper (Male o» female- 
NM/8CC htonn 7/8 topper (Male o» Female) 54 00 

COAXIAL CABLES 

Namai No OscrtpiiMi 100 Ft. Per Ft 

1100 RG 8 951 SineWed M.i Spec 28 00 3? 

110? RG8 951 Shielded foam 30 00 

1110 RG8X 951 Shield (mint 8> IS 00 

1130 (H'.?i3/l Mil Spec %\ Shield 34 00 

1140 RG214/1 Mi) Spec DN Stiver )SS00 165 

1180 buden 9913 low loss 46 00 50 

(70S RGI42B/U tellOfl/Sil*ei 140 00 1 50 

1310 RG217/L 5/8 SOohmDbi Shield JOOO 85 

1470 RG223/U Mil Spec DW Sil*e» 80 00 85 

1460 RG174 95* Shielded Mil Spec 1700 |4 

ROTOR CABLE — 8 COND. 

Hemal No Description 100 Ft Per fl 

8CI82? ?l8Ga 6-2? Ga 1900 ?l 

8C1620 ? 16 Ga 6 20 Ga Hewy Duty 34 00 36 

• Shippmt >3 PC - IPO ft / Conn 13 00 / C 0 0 S? 00 


3? 

17 

36 


CONNECTORS - MADE IN U S A. 


P 12591 S 

UG 2 ID 

UG 838 

UG88C 

UG146 


10/5 90 or 
10/7 90 or 


10/? 00 or 


Nemal No Dncription 

Nl 720 lipeN for BeWeo 9913 
N(7?3 h female Belden 9913 
PI 258AM Amphenol Bane' 

Pl?59 Standard Plug !w 8G8 213 
PI 259AM Amphenol PL259 
Pl?59 letlon/Sileer 
Ijpe N far RG8 213 214 
Nlrmaieto PL259 
8hi RG58 
SO?39 to Mate h 

UG176/6 Adapter for RG58/59 (\peoly) 

UC255 S0239 to BNC Amphenol 

AA5I 18 TNCRGW 
AM 9501 1 SMARG|4?b 
S0239AM Amphenol S0239 

GROUND STRAP- 

Nemai No Deunplwn 

CS38 3/8 Imned Copp** 

GS12 1/2 tinned topper 
GS316 3/lb l.nnedCopper 
GS3I6S 3/16 Siter Plated 

GROUND WIRE — STRANDED 

Nemal No Description 

HW06 6 Ga insulated \tranded 


BRAID 


tach 

4 25 
4 75 
145 
65 
89 
159 
300 
6 50 
125 
6 50 
22 

3 75 

4 35 
8 95 


Par FI 

30 

40 

15 

35 

Pei Ft 

35 


Call oi write lor complete price hsl Nemal s 32-page Cable S Connector Selection Guide 
is available at no charge with orders of $50 00 or more, or at a cost of $4 00 individually. 


NEMAL ELECTRONICS, INC. 

12240 N.E. 14 Ave.. No. Miami, FL 33161 


(305) 893—3924 • Telex 6975377 
24-Hr. FAX (305) 895-8178 
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product 


REVIEW 


FROM OSK 
TRANSCEIVER 


1500 WATT 
AMPLIFIER 


TO 

ANTENNA 


INPUT 
PIN DIODE 
SWITCH 


OUTPUT 
PIN DIODE 
SWITCH 


the DEO QSK-1500 

When I was a Novice back in the 1960s, my 
club station had a Johnson Ranger I, a Hammar- 
lund HQ-120, and a Johnson TR switch. I spent 
hours on the air and really enjoyed being able 
to work full break-in CW. I got spoiled in that first 
year of being a ham, not having to listen to the 
clunking of relays and switches. 

Since then I've dreamed of operating break- 
in CW again. Until recently, however, I never had 
a fully QSK-compatible radio. When I finally ac¬ 
quired one of the new do-it-all-but-burp-the-baby 
radios, QSK was once again possible. But I 
couldn't operate high power QSK. What to do? 



TIMING AND 
CONTROL UNIT 


) AMPLIFIER RELAY OUT 


> AMPLIFIER RELAY IN 


► TRANSMIT PATH 

> RECEIVE PATH 


fig. 1. Block diagram of QSK-1500. 


> TO 02 COLLECTOR (SEE NOTE I) 


Cl CR5 


CR4 CR3 


FROM 

TRANSCEIVER 


CR6 i CRT 


TO AMPLIFIER IN 
CRI C2 


< RFC2 -< RFC I 


1500 WATT 

AMPLIFIER |— FROM AMPLIFIER OUT 
\ I C3 CR2 


NOTE /• GROUND ON RECEIVE, HIGH ON TRANSMIT 
NOTE 2: GROUND ON TRANSMIT, HIGH ON RECEIVE 


{ RFC3 RFC4 


/ FT3 I (FT2 

*1 


TO TO 

11.3 VDC COLLECTOR 
01 

(NOTE 2) 


TO 

COLLECTOR 

02 

(NOTE 2) 


fig. 2. Schematic of RF switching section of QSK-1500. 












QSK — what is it? 

Basically stated, QSK is the ability to heat 
between the dots and dashes while transmitting 
a CW signal. A number of methods can be used 
to effect QSK operation: separate transmit and 
receive antennas, a vacuum tube TR switch such 
as the Johnson mentioned above, and expen 
sive vacuum switches. 

Each of these designs, however, presents a 
number of difficulties. Not everyone has a re 
ceiver with an AGC circuit capable of operating 
in the presence of a strong rf field without "fold 
ing up" or the space necessary for separate 
transmit and receive antennas. The TR switch 
had two significant problems: it created a 
tremendous amount of TVI and caused attenu¬ 
ation on the receive signal (commonly called 
"suck-out"). Vacuum switches require complex, 
precisely timed circuits to prevent "hot 
switching" and aren't cheap to manufacture. 
Another problem was that some of these 
schemes introduced distortion onto the trans 
mitted signal. 

modern technology 
to the rescue 

Several technological advances in the late 
1960s brought QSK closer to reality for the aver 
age ham. Until the late 1970s, however, TEN 
TEC was the only manufacturer to offer a QSK 
compatible radio. 

By 1980, transceiver manufacturing took a 
quantum leap forward and QSK compatible 
radios were available from almost all radio 
manufacturers. Unfortunately, one problem re¬ 
mained; unless you owned either an Ehrhorn Al 
pha 77 or 78, you couldn't operate high-power 
QSK. Several after market, add on QSK units 
were introduced, but they suffered many of the 
same problems as other units. 

In mid 1984, John ("Doc") Shelter, KN8Z, 
designed a solid state QSK switch that solved 
many of the problems of earlier QSK units, using 
state-of the art PIN diodes as rf switches. 

PIN stand for layer doping IP), intrinsic 
layer III. pure and nd doping (N) layer. The thick 
ness of the intrinsic layer determines the charac 
teristics of the diode and allows the manufacturer 
to custom design the diode for any of many 
different kinds of applications. A PIN diode is 
a solid state device that acts like a variable rests 
tor at rf frequencies. The amount of forward dc 
bias applied to the PIN diode determines the 
resistance (impedance) to rf signals. Doc's do 
sign is unique in that it has no moving parts 
no relays — and can hot-switch high power rf. 
It needs only low dc voltage biasing to control 
rf currents, and by design, doesn't introduce any 
significant waveform distortion on the transmit 
ted signal. 

how it works 

A block diagram and schematic (figs. 1 and 
21 illustrate how the QSK 1600 works. The 
received signal travels from the antenna through 
the output line blocker, the receive line protec 
tor, and the input receive line blocker into the 



The Digital Voice Recorder 
... lets your repeater speak your mind. 


ACCs Digital Voice Recorder allows you lo remotely record your voice over the 
air, with digital storage in its huge memory array PCM voice recording results in the 
highest possible fidelity, so that you sound like you 

The voice mailbox gives your repeater users computer bulletin-board like capability, 
from any radio with mic and Touch-Tone pad With messages stored in voice, your 
users don't need special gear to enjoy the latest in communications technology, from 
anywhere 

Your repeater's IDs and other messages can consist ol remotely recorded DVR 
audio tracks. Which can provide information to your users - about your system, club 
meetings, special events And you can make your repeater the friendliest around, with 
holiday, birthday, and anniversary greetings. With its no compromise high quality PCM 
digital audio processing, even famous celebrities can sound like they re at your repeater 
site! 

The DVR connects easily to your RC-850 or RC-85 controller Or to your standalone 
repealer And one DVR can support up to three repeaters, tor a cost effective instal¬ 
lation 

The Digital Voice Recorder is the neatest thing to happen to repeaters since ACC's 
repeater controllers Request our audio demonstration tape, so you can hear for your¬ 
self 

advanced 
1 i t It 1 computer 

controls, inc 


2356 Walsh Avenue 
Santa Clara. CA 95051 

(408) 727-3330 


MAKE CIRCUIT BOARDS 
THE NEW, EASY WAY 



WITH TEC-200 FILM 


JUST 3 EASY STEPS: 

• Copy circuit on TEC-200 film using 
any plain paper copier 

• Iron film on to copper clad board 

• Peel off film and etch 

SATISFACTION GUARANTEED 
convenient BV5 x 11 sue 

5-Sheets for $3.95 
10 sheets only $5.95 

ridSI OOpnsUoe NY*Jd sales U> 

The MEADOWLAKE Corp. 

DEPT HR.P.O Box 497 
Northport. New York 11768 131 


✓ 130 







CONTACT YOUR DEALER 

FOR MORE INFORMATION 

Amateur Radio Baluns- 
Traps-Remote Coaxial Switches 
Or Write To: 

UNADILLA DIV. of ANTENNA'S ETC. 

P 0 Box 215 8V ANDOVER. MA 01810 
617 475 7831 132 
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THE STANDARDS OF EXCELLENCE 


SUPERIOR WEAK SIGNAL PERFORMANCE 
COMMERCIAL MODEM 


COMPARE with ANY unit at ANY Price 


THE WORLD OF VHF/HF PACKET*, 
CW. RTTY. ASCII AND NEW DUAL 
AMTOR** IS AS CLOSE AS YOUR 
FINGERTIPS WITH THE RRILLIANTLY 
INNOVATIVE STATE-OF-THE-ART 
MICRO COMPUTER CONTROLLED 
EXL-5000E. 




SHOWN WITH OPTIONAL KANTRONICS KPC2400 
AND MFJ-1270 TNC-2 

Everything built in — nothing else to buy! 


• AUTOMATICSEND/RECEIVE —ANV SPEED A/VV SHIFT • BUILTINC0MPUTERGRADE5 MONITOR • EXTERNAL MONITOR JACK • TlMECLOCKON 
SCREEN • TIMED TRANSMISSION AND RECEIVING • SELCAL • CRYSTAL CONTROLLED AFSK MODULATOR • PHOTOCOUPLER CW. FSK KEYER • ASCII 
KEY ARRANGEMENT • 15 CHANNEL BATTERY BACK UP MEMORY • 1 ?80 CHARACTER DISPLAY MEMORY • SPLIT SCREEN TYPE AHEAD BUFFER • 
FUNCTION SCREEN DISPLAY • PARALLEL PRINTER INTERFACE • SPEEDS CW 5-100 WPM lAUTOTRACK). 12 300 BAUD (ASCII AND BAUDOT) 12-600 
BAUD TTL. 100 BAUD ARQ/FEC AMTOR • ATC • RUB OUT FUNCTION • AUTOMATIC CH/LF • WORD MODE • LINE MODE • WORO WRAP AROUND 

• ECHO • TEXT CURSOR CONTROL • USOS • DIDDLE • TEST MESSAGES (RY AND QBFI • MARK AND BREAK (SPACE AND BREAK) SYSTEM • VARIABLE 
CW WEIGHTS • AUDIO MONITOR CRICUIT BUILT IN • CW PRACTICE FUNCTION • CW RANDOM GENERATOR • BARGRAPH LED METER FOR TUNING • 
OSCILLOSCOPE OUTPUTS • BUILT IN 100-120 / 220 240 VAC 50/60HZ AND 13 8VDC POWER SUPPLIES • AND MUCH MUCH MOHE • SIZE 14W x 14D x 
5H • 


EXCLUSIVE DISTRIBUTOR DEALER INQUIRIES INVITED FOR YOUR NEAREST DEALER OR TO ORDER 

AMATEUR-WHOLESALE ELECTRONICS TOLL FREE...800-327-3102 

46 Greensboro Highway. Watkinsville. Georgia 30677 Telephone (404) 769-8706 Telex 4930709 ITT 



manufacturer 

TONO CORPORATION 

98 Molosoja Machi. Maebashi-Shi, 371. Japan 



'PLEASE CALL FOR DETAILS 

•'Dual Amtor Commercial qualify, the EXL 5000F. incorporates (uio completely separate modems to fully support the amateur Amtor 
codes and all ol the CCIR recommendations 476 2 lor commercial requirements 

Spei locations Subiecl to Change 


VHF-UHF POWER 


DIVIDERS 




MODEL 
144 ;>P 
144-4P 
220-2P 
220 4P 
430 2P 
430 4P 
902 VP 
902 4P 
1296 2P 
129ft 4P 


i 


RE powof d<vedrt*» provide* th* 
b«*t way lo lewd 'f* ph»»e ? 4 

antenna array* In mj»*irrn/e »y*lem 
gam and th* imw t*me reduce 
•os»e» to a minimum Coveting 144 
Thru 1 290 MM/ thi* MH«S 0» VMT 
UHF power divider* am p/nmmr RF 
device* designed tor • long *e»vice 
i.t« with low swn and t>*uad oo 
dialing bandwidth 
Eatruded aluminum body with a 
durable enamel llntth in addition to 
tiitcon Malmg at W"n*cfw Wanga* 
•enuit* in a 'uggedued unit tor all 
array inttallahon* Available with 
N type connector* only, the*® 
unit* am unconditionally guaron 
teed lo< 2 year* 


CONFIG 

|2 po*t*t 
14 ports! 

(2 portal 
<4 port*! 

1 2 portal 
14 porta) 

(2 poriai 
1 4 portal 
(2 porta) 

(4 porta) 

aHiPPwa »*o» 'NCtooeo 


PRICE 

$51 00 
$58 00 
$5000 
$57 00 
$48 00 
$56 00 
$48 00 
$56 00 
$49 00 
$57 00 


STRIDSBERG ENGINEERING. CD. 


t o Bo* 7073 • Shrovoport LA 7110/ • LISA 


Phono 1318)8650523 
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Light Weight/ 

High Strength 

ALUMINUM Tubing for Masts and 
Telescoping Elements 

How many antennas have you seen ruined by the 
failure ol the mast 7 II you ate slacking antennas 
or have a beam antenna, out Light Weight/High 
Strength Aluminum masts will increase the sur¬ 
vivability of your antenna system These masts will 
increase the survivability ol youi antenna system 
These masts are 674* lighter and 50% stronger than 
galvanized steel tubing Example ol weight ditlei 
ence ’/<■ wall x 2" 0Dx24'long. A1-39». Steel-112* 
Sizes available 

1-1/2” to 8" OD x 1/8” to3/4” wall x 24' long 
1/4” lo 2” 00 x 058" wall x t2' long (diawn lor 
telescoping) 

Club and volume discounts are ottered MC & VISA accepted 
For a complete stoex pnee lot please rente or call 


Metal & Cable Corp., Inc. 


(lotmerly Exmet. Inc) 

P.0 Box 117, 2170 E Aurora Rd 
Twinsburg. Ohio 44087 


( 216 ) 425-8455 
See you in Dayton at Booth 313. 
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SERVICE CENTER 

for 

ICOM, KENWOOD 
and YAESU 

Fully equipped repair shop Amateur. 
Marine and Land Mobile repairs. 

FCC NABER Lie 

Mon-Fri 10:00-4:00 pm 

(206) 776-8993 

PACIFIC RIM 
COMMUNICATIONS 

Bob KG7D 

23303 56th Ave West 
Mountlake Terrace, Wa 98043 

2E ^ & C O D S Welcome ^ 










front end of the transceiver. This circuit com 
pletely bypasses the conventional circuit path 
through the amplifier. The receiver is prevent¬ 
ed from seeing the tank circuit of the amplifier 
by PIN diode CR2. which is reversed biased. PIN 
diodes CR3, 4, and 5 are forward biased and of¬ 
fer a very low impedance path for the receive 
signal. Typical insertion loss is less than 0.5 dB. 

As you might expect, the transmit path is a 
little more complicated. Keying the transmitter 
triggers the timing circuit. The amp relay line is 
grounded, keying the amplifier. The input and 
output receive line blockers CR3, 4, and 5 are 
reverse biased with 525 volts dc; input and out 
put PIN diodes CR1 and 2 are forward biased. 
The key out line is closed and keys the trans 
mitter. Rf flows from the transceiver through Cl, 
CR1. and CR2 into the rf amplifier, it then flows 
through CR2, CR4, and C3 to the antenna. The 
reverse biasing of CR3, 4, and 5 prevents any 
rf from passing through the receive line. As soon 
as the morse character is completed, all the PIN 
diodes reverse state and the unit is back in a re¬ 
ceive mode. PHEW! 

So that's how this thing works. When you 
think about it, it's really quite simple. (For a more 
complete explanation of PIN diodes and how 
they work, see Doc's article on PIN diodes that 
appeared in the January, 1986, issue of ham 
radio .) 

hookup and use 

Setting up the QSK 1500 requires making four 
control cables. DEO recommends that you use 
RG-58 or other shielded cable to eliminate the 
possibility of rt getting into one of the units. Line 
1 connects your key or keyer to the QSK 1500's 
timing circuit; line 2 connects your transceiver's 
amplifier control circuit to the timing circuit 
again. Line 3 connects the timing circuit back 
to the transceiver’s keying line, and line 4 con 
nects the timing circuit to the RF amplifier. 

Rf connections are straightforward and can 
be followed by referring to fig. 1. Now you’re 
ready to run a few tests. Turn your transceiver 
on. If everything is working correctly, you should 
hear nothing. This is because the receive line 
diodes aren’t "on,” so there’s no receive path 
to your receiver. When you turn on the 
QSK 1500’s power supply, the LEDs should light 
up; you should also hear signals. After a few 
more simple tests, you’re ready to crank up the 
power and operate. 

Once testing was complete, I was excited to 
see how QSK could actually be used. Tuning the 
low end of 160. I decided to look for a Europe 
an or two; finding a fairly strong G3 calling CQ. 
I dropped my call in a couple of times, only to 
hear him start calling CQ again. I stopped call¬ 
ing immediately and waited for him to complete 
his CQ. Again I called, only to have him call 
another European. Stopping again, I realized 
how much QRM could be eliminated if more 
hams operated break in CW — no more long 
winded responses at 5 wpm while the DX sta¬ 
tion was calling again. QSO rates would increase 
dramatically, and many more of the ’’deserving" 
would get through. 


Measure Up With Coaxial Dynamics Model 

83000A RF Peak Reading Wattmeter 



15210 Industrial Parkway 
Cleveland, Ohio 44135 
216-267-2233 
1-800-COAXIAL 
Telex 98-0630 


Take a PEAK with Coaxial Dynamics "NEW" Model 83000A, designed 
to measure both FWD/RFL power in CW 
and FM systems simply and quickly. 

Then with a "FLIP" of a switch, 
measure "PEAK POWER" in most 
AM, SSB or pulse systems. Our 
Model 83000A features a complete se¬ 
lection of plug-in-elements plus a 2 
year warranty. This makes the 
Model 83000A an investment worth 
looking at. So go ahead, take a 
"PEAK", you’ll like "WATT” you see! 

Contact us for your nearest autho¬ 
rized Coaxial Dynamics representa¬ 
tive or distributor in our world wide 
sales network. 


COAXIAL 

DYNAMICS, 

INC. 


Service and Dependability... a Part of Every Product 


See us at Dayton Booth #400-401 



DEALER 

INQUIRES 

INVITED 


i=V=T & 

MON-SAT (201)874-6013 

10AM -3PM ORDERS 

7PM - 10PM ORDERS/TECHNICAL 


CALL FOR CATALOG VISA/MASTERCARD 
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MICROWAVE MODULES LTD 


T Wk: ck 

52 Stonewyck Drive 
Belle Mead, New Jersey 08502 

IVARS - KC2PX 
MARA - SALES 
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GET A BIRD’S EYE VIEW 


From GrafTrak II™ and your IBM* PC 





(iMl'Iutk II ’ prmiilrs rraldnu - graphic Jispliiv of a Hal pfitjcLlioii map which moves untki the selected Satellite Sun Moon'Stiu 
coverage circle .mil updates once pet second Spherical projection views and graphic screen Jumps to an IHMT-pvin(H.i printer 
can also he prmJutcd Require* an IBM IV, IV XT. IX' AT. or true LoinptiltMe an IBM Color Graphics Monitor Adapter or true 
compatihlc. WW7 math copnmwr. minimum 2X»K RAM with 5I2K recommended. DOS 2 0 or later, and cither two MOK ll«*ppy 
drives or one UiOK Hupps and one hard drive 


Sll ICON EPHHMKRIS'’ provHks tabular data tiulpul to the screen, printer, or disk file for tlvc following operating modes I 
observer to 16 satellites 16 ohsersers to I salrllitr. schedule lor I observer to I satellite, window between 2 vihscrvcrs and I 
satellite rise and set limes lie I satellite, time ordered rise and set times lor 16 saicllitrv Almanac lor Sun and Moon. 16 otnrrvcri 
to Sun M«*on, schedule for I observer to Moon, window between ? observers and Moon vhcdulc for I observer to Sun Requires 
either an IBM K. PC XI. HC AT. or true compatible, and IBM Monochrome or IBM Color'Graphics Monitor Adapter or turr 
compatible, an optional K0X7 math coprocessor. 2A6K RAM. DOS 2 0 or later, and one 360K floppy dnve 


Each package includes Shi), an editor program to construct and modify SatelliteObserver database files These products can he 
run Imm a hard disk and arc not copy protected 


Graflrak II** and SII.ICON KPHHMhRIS'” are pneed at Sll 1 ) **S each or SIW for both Texas residents add sales tax Order 
by check money order. MaslrK ard or VISA 

SilK.m Solulmm Iih • PO Bm 742546 • Huuunn. Tcx» 77274 2LIA • |7|1| M.I 8727 122 


■t V4 m * |«i n m ate • 


ALL BAND TRAP 

VERTICAL ANTENNAS! 


FUCL 1/4th WAVE - All Bands! Auto¬ 
matic Selection with proven Hl-Q Traps. 
5 Models-ALL self supporting - Ground 
or roof mount. HEAVY Double wall 
seamless Aluminum lower section - HI 
STRENGTH FIBERGLASS TUBING 
OVER -ALL. NO WOBBLY, LUMPY 
TRAPS - NO UNSIGHTLY CLAMPS 
needed - Same size all the way up 
I 144" Traps hidden Inside. You can 
use It In a 1 ft. sq. Backyard! Neighbors 
will never know this Is a Hl-Power ALL 
Direction DX Antenna. FOR APART¬ 
MENTS. ROW HOUSES. MOBILE 
HOMES - CONDOS ate where min¬ 
imum space end neat appearence is 
MANDATORY! Instant "Drive In"ground 
mount (Included). Use with or without 
redials (Included) (All angle roof mount - 
Exits) COMPLETELY PRETUNED- 
NO ADJUSTMENTS NEEDED EVERI 
NO TUNER NEEDED Over All Bands 
(except 80 mater - 400 KC) SWR 1-1 
to 2-1 at Band edges, Stnd, S0239 con¬ 
necter - 52 ohm for any length RG58U 
- RG8U feedline Matches ALL MAKES 
TRANCEIVERS 2000 Watt PEP. 
input power Shipped - PREPAID IN 
USA. Assembles In 10 mtn. using only 
screwdriver. WEATHERPROOF) 


No. AVT80-10 5 Band25'6"*t99.95 
No AVT40-10 4 Band I8'9” *139.95 
No AVT 20-10 3 Band tl'4" St09 9 5 
No. AVT 80-10 W 8 Band 22' *279.95 
No AVT40-10W 7 Band 15'5"*I99.95 
SEND FULL PRICE FOR PP DEL IN 
USA (Canada .Hi. Ak, are *10.00 extra 
tor postage, clerical. Customs etcj or 
order using VISA. MASTER CARD or 
AMER EXP Ph 1-308-236-5333 
9AM-6PM weekdays We ship In 2-3 
days (per cks 14) All Antennas Guar- 
anteed lor I year AVT 160 
iS 123 base loading coil - - --SI9.95 
Bidirectional 8 Band Vertical 
Beam! Free Inf. 

WESTERN ELECTRONICS 
Depl. AH Kearney Ne, 68847 



OPPORTUNITY 

Established ethical ten year ok) mail order business loi 
sale Instant name/logo recognition and excellent repu 
la Don worldwide Ideal lor technically competent amateur 
seeking sabstymg career either as substitute tor present 
employment or as a rebtement business Minimum over¬ 
head expense and significant small-business tax advan¬ 
tages Can be earned on from a borne anywhere as a 
"mom and pop' closely-held corporation (as it is at 
present) or expanded to any extent desired Combines 
present hobby with a proven source ol income—an ideal 
combination Insignificant competition, the principal sales 
item is in constant demand worldwide tor use in all ham 
rigs, old and new factory made or home brew No 
manulactunng. inventory or storage problems the 
physically-small principal item is obtained from an as¬ 
sured source—the top-rated manufacturer ol this spe¬ 
ciality in Japan Additional opportunities to expand ap 
plicahons and profits through R 4 D are limited only by 
initiative imagination, and technical competence 
Monthly sales averaging $10,000 toi Ihe last three yeats 
have provided reasonable satanes and good dividends 
because ol generous profit margins and legitimate tax 
allowances tor home office rental, pro-rata car operating 
expense, ham and office equipment depreciation, etc 
Easy ownership Uanstet without mtemipbon ol cash How 
Hand holding ' is available during transition 
Detailed information will be sent only to those judged 
to have the best chance ol success Accordingly senous 
inquirers should write giving biographical data including 
age. educabon. technical background, and expenence 
Box 498 

Greenville. NH 03048 


The only problem I've had with this unit oc¬ 
curred one evening when I was working in the 
shack and had the radio on, but the QSK unit 
off. I dropped a hammer, tripping the radio's 
VOX. Later when I sat down to operate, I turned 
the rest of the equipment on. only to find that 
the receive line through the transmit antenna was 
dead! Since I could still receive through the 
Beverages (which bypass the QSK 1500 on re 
ceive). I ruled out the possibility of a radio prob 
lem. A quick call to DEO solved my problem 
immediately. Doc suggested I check the receive 
line fuse lamp; sure enough, it was blown In¬ 
serting a new lamp cured the problem quickly 
and simply. Doc did advise me, however, to al¬ 
ways make sure the QSK 1500 is turned on 
whenever the transceiver is. Without the fuse 
lamp, there's the possibility of damaging the PIN 
diodes, necessitating some fairly extensive 
repairs. 

Doc reports that contesters who have 
QSK-1500 units have been pleased with the 
results; I'm anxiously awaiting the next contest 
to see for myself. I've had a lot of fun operating 
QSK. I expect the QSK-1500 is one review unit 
I'll use for quite awhile. 

The QSK-1500 consists of a power supply and 
a control unit. Tire power supply measures 3 x 
6x4 inches and the control unit 3x7x9 inches. 
One bit ot warning: don't place the QSK 1500 
on top of a radio, an amplifier, or any other heat 
generating unit. The PIN diodes alone create 
plenty of heat in normal operation, and damage 
might result from improper placement. 

Priced at $299 (plus $6 shipping and handling), 
the QSK 1500 is available from either Design 
Electronics of Ohio, 4925 S. Hamilton. 
Groveport, Ohio 43125. or from Universal Elec¬ 
tronics, 1280 Aida Drive, Columbus, Ohio 43068. 

- de N1ACH 



new ICOM catalog 

ICOM America, Inc., has released its new 
24 page, full product line color catalog The new 
catalog includes all new products including the 
Micro 4AT 440 MH 2 handheld and the IC-275 all 
mode VHP and IC-475 all-mode UHF base 
station. 

For your copy, contact ICOM America, Inc., 
2380 116th Avenue N.E., Bellevue. Washington 
98004 

Circle /303 on Reader Service Card. 


106 d April 1987 











220 MHz is alive and well at Falcon 

FALCON produces 11 different Base/Repeater and 9 different Mobile amplifiers. 7 of these amplifiers are 
for the 220 MHz operator. 

For example, consider the following two MOSFET Base/Repeater amplifiers. Remember, FALCON is the only 
manufacturer bringing you amplifiers with the advantages of RF power MOSFET's. 

Model 4112C 10 Watts in -100 Watts out 

RF Power In.1 W to 15 Watts 

RF Power Out.10 Watts in -100 Watts out 

3 Watts in - 50 Watts out 

Model 6135C 2 Watts in • 100 Watts out 

RF Power In.300 mW to 3 Watts 

RF Power Out.2 Watts in • 100 Watts out 

1 Watt in • 70 Watts out 

Features: mm MW 

Frequency range 220 225 MH.• , T . ■ — - 

New. long life MOSFET transistors -•= ■ •' -' - — ----- - ■ 

Low broadband noise (Low desense) <’ £SSSES ISS^SSS SSSEE£ ,iih 

Automatic Internal or External Keying • • . / ' - . ' ' 

Use for FM. SSB CW ; • . - : - ' • • ’ - 

Excellent high order 

8 3 /4” x 19" rack panel, 13 8 VDC I f I 

Continuous Duty (With customer fani I ... ■ 

Built-in Thermal Protection 

1 Year Warranty Made in the U S A ‘g ' 

tA/YYTO P.O. Box 8979 • Newport Beach, CA 92650 
■ * (714)760-3622 

COMMUNICATIONS -See the FALCON Dealers at Dayton for New Models - ’ 




• ICOM 730/7.35/740/745/75I/R70/R7IA 

SSB 2.1kHz, 8-IArie Exact replacement fiir 
FL-44A Model IK455II1.05X-S99 

• ICOM IC-27I/47I/I27I/ CW 400I|j-. 

8-D>le Great for DXing or EME. 

Model IR I0.7II44MK $115 

• Kenwood TS-930/940/830/R-2000 CW 
Super Selective 2S0H/. 8-Dili' 455 kHz Killer 

Comes mounted on high-quality glass PC 
hoard for the TS-930 and TS 940. drops into 
theTS 830 

Model IR455H125C—$125 

• TS-940/9.30/830 Super Selective CW 
Switch Kit Tins new kit allows you to add 
another CW bandw idth. For example, on the 
930/940/830. if you already have 4<X)Hz or 
5(X)Hz filters installed, you can now select a 
set of 1KI250HZ fillers Our 250H/ mulched 
set allows for a lower noise floor for super 
quiet DXing. 

• 9 mHz 8-Dile Crystal Kilters for Experi¬ 
menters— All 8 l*ole Killers $60 

All 6 Pole Filters $50 
For SSB Kor KM 

A 2.4kHz @6dB A I 5kHz @ 6dB 

B. 2.1kHz @ 6dB B. 30kHz® 6dB 

C 1.8kHz @6dB Kor CW 

D. 2.2kHz <@ 6dB A. WX)H^®> (xlB 
*E 2.2kHz @6dB *B 600Hz @ 6dB 

Kor AM * (6-polc) 

A 6.0lcHz @ 6dB 

• B. 6.0kHz @ 6dB 


S.VfX) shipping arul 
InttiJIinK i hi all <ml'-r\ 


fin more information, coil 4uL wV 

International Radio, Inc. 
, i 2 Q 747 So. Maeedo Blvd. 
' C r Dirt SI. Lucie, Kl. 33452 

Scud s A S K i "lei I, if , iifii uuiii,' (.305) 879-6868 


Announcing 

New 6- & 8-Pole Crystal Filters For 
ICOM, Kenwood & Yaesu Radios 


Say You Saw It In CQ 


_ 84 RESEARCH DRIVE • MILFORD CT 06460 

I Send DM 1000 pocket meter(s) at S35 each 
■ plus S2 each for shipping and handling 
5 CT lestdenls add T , sales tax 

My check or money order is enclosed 
| Charge_ _ _ VISA*_MasterCard« 


Quality, shirt pocket, digital multimeter 
tests electrical equipment—at home, in 
your car. on your job. and even in the 
back woods' Case folds to approx. 

4 5"Klx3'Wx 1/2" thick Measure up to 
500V ac/dc and 20 megohms 
ONLY $35.. includes probes and carrying 
case Satislaction guaranteed. 30 day money- 
back return. ONE YEAH WARRANTY. 

Call TOLL FREE: 1-800-221-5749 
InCT 203-877-4417 
Mon-Fri. 9-5:30. EST. 


POCKFT SIZED" 

1 500 MHZ 

FREQUENCY COUNTER 
BUILT TESTED AND 
READY TO GO' 

ONLY $49.95 Prepaid 


HAND HELD" 

1-1300 MHZ 

FREQUENCY COUNTER 
BNC INPUT CONNECTOR 

ONLY $79.95 Prepaid 


PICK UP THOSE WEAK 
SIGNALS' FULLY 
ENCLOSED PA I9E HAS 
5 ZOO MHZ HANGE 
POWER SUPPLY OPTION 
AT NO CHARGE WITH 
THIS PREAMPLIFIER 

ONLY $24.95 Prepaid 

Without case SS 95 


PA ZOE PRE AMP 
FULLY ENCLOSED 
WITH A DC-1000 MHZ 
RANGE AND POWER 
SUPPLY OPTION 

ONLY $34.95 Prepaid 

Without case SI9 95 


Specify type ot radio when ordering pre-amplifiers 

DIGITREX ELECTRONICS 


division ol NCI 
10073 North Maiyann 
Northville, Ml 48167 


West Coast 
Call Ray Lukas 
805-497-2397 


Ptirwnai mertpy o*iHm (« I'w .«'*■ 

woicomp Or call "• .1 CO l PHONE (313) UB-nt3 NOW 
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800 - 882-1343 


ICOM 


IC-735 

List 

Juns 

IC-735 Gen. Cvg Xcvr 

$999 00 

Call $ 

IC-751AGen Cvq.Xcvr 

1649.00 

Call $ 

R7000Gen. Cvg Rcvr 

1099.00 

Calls 

R71A Gen Cvg Rcvr 

949 00 

Call$ 

IC-27A/H FM Mobile 2Sw/45w 

429/459 

Call $ 

IC-28A/H FM Mobile 25w/45w 

429/459 

Call$ 

IC-37A FM Mobile 25w 

499 00 

Calls 

IC-47A 440 Mobile 25w 

549 00 

Calls 

IC-04AT UHF HT 

449 00 

CallS 

IC-48A UHF 45w 

459.00 

CallS 

IC-38A FM Mobile 2Sw 

459.00 

CallS 

IC-02AT FM HT 

399.00 

CallS 

IC p2AT Micro HT 

329 00 

CallS 


[KE NWOOD I 

5? 5? 

li—J 

1-3°W 7 =STuF 1 


TS-440S/AT 

TS-940SAT Gen Cvg Xcvr SI 
TS-430SGen Cvg Xcvr 
TS-711A All Mode Base 25w 
TR-751A All Mode Mobile 25w 
TM-201B FM Mobile 45w 
TM-2530A FM Mobile 25w 
TM-2550A FM Mobile 45w 
TM-2570A FM Mobile 70w 
TH-205 AT, NEW 2m HT 
TH-215A. 2m HT Has II All 
TH21BT 2M HT 
TH31BT 220 HT 
TH41BT 440 HT 


$2249 95 

CallS 

819.95 

CallS 

09995 

CallS 

599.95 

CallS 

369.95 

CallS 

429 95 

CallS 

469.95 

CallS 

559.95 

CallS 

259.95 

CallS 

349 95 

CallS 

259.95 

CallS 

269.95 

CallS 

269.95 

CallS 


IYAPSU 

TMCwUI 

5 - -I’itsao 

IIII 
ilil 

ini 

+ 1 

3 

n 

— i 

M 

■■ • 


"T*”— 

«r- :n. 


FT-757 GX Gen Cvg Xcvr 

995 00 

CallS 

FT-767 4 Band New 

1895 00 

CallS 

FT-270RH FM Mobile 45w 

439.95 

CallS 

FT-290R All Mode Portable 

579.95 

CallS 

FT-23 R/TT Mini HT 

299.95 

CallS 

FT-209RH RM Handheld 5w 

359 95 

CallS 

FT-726R All Mode Xcvr 

1095.95 

CallS 

FT-727R 2M/70CM HT 

479.95 

CallS 

FT2700RH 2M/70CM 25w 

599 95 

CallS 

jun's l a 

4V\ 





3919 Sepulveda Blvd. 
Culver City, CA 90230 


ANTENNAS 


TRAP DIPOLES: 

■ •Mi iMtfl trill LMflX 

0 4? 10MS/20/40 ? «. 

os? ions/?o/4o/ao ? ios 

OS6 I0/1V20/4O/M 6 B?' 

0 66 tO/l&'H'4Q/«0/l«0 6 IM 

TRAP VERTICALS-*‘SLOPERS* :• 


VS 41 10/IS/70/40 

VSS? 10/IV 70/40/10 

VS S3 10>'IS. 70/40/M 

VS 64 10/IS/70/40/M ' 160 


■'44 9S rpi 

/ S9 9S 
- M OS 

l t*9S > j 

at tout* uw I 


All TRAP ANTENNAS are Ready to use Factory assemwod 
Commercial Quality Handle full power Comes complete 
with Deluxe Traps Deluxe center connector 14 g* Stranded 
Copper Weld ant wire and End insulators Automatic Band 
Switching Tuner usually never required For ail Transmit 
ters. Receivers & Transceivers For all class amateurs One 
teedime works ail hands instructions included 10 day 
money Pack guarantee 1 

SINGLE RAND DIPOLES (Kit form) 


Includes assembly instructions. Deluxe center connector 14 
ga Stranded CopperWeid Antenna wire and End insulators 

COAX CABLE: I includes Pi 259 connector on each end) 

>TH l«*ftk Ml MHN ICfWW Iw'IWi 

90 SI SO' saoo sil vs 

no si vo t? oo iovs 

DELUXE CENTER CONNECTOR 9 


• MO HUS I B/«ll »•**•«*/» 

• HO jumfiff UwO 

• NO Svonti/Mj 

• hi**<1 m I •gh'.'irmj A"«fta> 

• W4H SO ?J» 

• >wmw« i u" *w 

• ««M WMirwipfod 

• I Ji» l*n»n| 4 D|mM''«v'I<. 


I-' 


DELUXE ANTENNA TRAPS: Completely sealed & 
weatherproof Solid brass terminals Handles Full 
Power NO jumpers NO Soldering 
instructions included 
— » For 4 band Dipole Am 

40/70/1 b/10 $36 00/pr 
For S band Dipole Am 
• ax 80/40/20/IS/10 

$38 00/pr 

ORDER OIRECT FROM FACTORY All orders Shipped US 
Postpaid VISA/Ml give card # L*b date Signature 

SPI-RO MANUFACTURING. INC. 

Dept 103. P.0 Box 1538 116 

m — Hendersonville. NC 28793 

mtttom Dealer Inquiries Invited 


The QSYer - the best thing 
next to vour FT-757GX 
- or vour ICOM 1C-735! 


Hie popular fJtOSYciwm 
h<\ a brother- the 715 
ySYer for the ICOM It 
715* lloth unit* are deluxe 
Ircquencv-cnm ketpadx 
•.unuming then own pre¬ 
programmed rmcropro- 

invm. 4udi» tpeakei jrul 
power vuppK In operation 
they allow immediate 
switching in jn\ Itcqucms 
m ihe IMMiNPttketi range while ihe rig retains absolutely all ol us 
operator's control* Ihev install in seconds. connecting to the rig's 
data termm.il and power suppls output I hen durable metal 
enclosures arc painted cUuk metallic gras and black 
MW Ml plus S' Ni shipping and handling, and 4 1 . uks lax Ini 1> A 
lexidenii Masteit ai.l.aml \ isa customers pka*r send name caid 
numhei cxpiialion dale, and signature. or call u»ai 4tM H7H 0241 
III das moors hack guarantee 

In t anada. call Atlantic Ham Radio I id al 4lfwf*Vv»M6_ 



products 


computer rotor 
control interface 

The most often requested new feature for sat 
ellite enthusiasts is automatic control of the an 
tenna pointing via a personal computer. While 
the KENPRO KR0 5400A provides the electro¬ 
mechanical interface to the rotor motors, the ac¬ 
tual hardware Interface to the computer is 
provided by the KR-010. The KR-010 consists 
of analog-to-digital converters for both the ele 
vation and azimuth channels and also provides 
the drive signal for driving the motors in the 
desired direction. An internal microcomputer 
provides the RS 232 serial capability at 9600 
Baud without handshaking 

The KR 010 attaches to the serial port of the 
computer and operates with the tracking soft 
ware (available only from the AMSAT software 
exchange, not from ENCOMM or KENPROI writ 
ten for AMSAT by W3IWI and W0SL. KENPRO 
and ENCOMM provide the software needed to 
point the antenna from data entered into a basic 
program in real time. Subroutines of the auto¬ 
matic tracking program which apply to the 
KR 010/KR 5400A combination and information 
on how to install them in the W0SL package Is 
supplied with the KR-010. 

The suggested retail price is $269.95. For de 
tails, contact Encomm, Inc., 1506 Capital. Plano, 
Texas 75074 

Circle /302 on Reader Service Card. 


new from RF Concepts 

Ken Holladay, K6HCP, and Everett Gracey. 
WA6CBA, the co founders of Mirage Commu 
nications, have formed RF Concepts, a new 
company whose products include a state-of-the- 
art, all mode 2 meter, 170 watt VHF amplifier 
with a GaAsFET receive pre-amp; a 450 MHz 
100 watt UHF amplifier with a GaAsFET receive 
pre-amp; a 130-watt 220 225 MHz amplifier with 
a GaAsFET pre-amp; and a 30 watt HT ampli 
tier, also with a GaAsFET receive pre amp. Other 
products include a repeater amplifier tor 440 
MHz, 220 MHz, and 144 MHz and a full function 
repeater controller. 

On the drawing boards is a new dual-band 
amplifier, 144/440 and base station amplifiers, 
and state of the art switching power supplies 
from 10 to 35 amps. 

For further information, contact RF Concepts, 
2000 Humboldt Street, Reno, Nevada 89509 

Circle /301 on Reader Service Card 
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RAMSEY ELECTRONICS 


QUALITY TEST GEAR 
YOUCANCOUNT ON 



RAMSEY OSCILLOSCOPES 


RAMSEY FREQUENCY COUNTERS 


MINI KITS-EASY TO ASSEMBLE-FUN TO U§E-F0R BEGINNERS, STUDENTS AND PROS 


ACCESSORIES FOR RAMSEY COUNTERS 

Telescopic whip antenna—BNC plug.S 8.! 

High impedance probe, light loading. 16.! 

Low pass probe, audio use. 16 ! 

Direct probe, general purpose use. 13.! 

Tilt bail, lor CT-70.90.125. 3.! 


TEAMS • sNuliciion gu«riniecd • un im for 10 diyi •« net pleased 
return in original lorm lor rofand • idd IT* lor tMpoin« Nl iniur ince to i 
mu imoro of I ffl 00 • foreign idtf 15*, hr surface (Mil • COOtMKbO 
[COO »n USA onlvl • *i*t eader|I5 00 add «l 50 • NY resident. idd 7S 
i»iti Ui • 90 day parts w.rr jnty an ill titi • I year piru A labor 
warranty an ill wind units 

RAMSEY ELECTRONICS. INC. 

2575 Baird Ave.-Depl. HR 
Penlield. N.Y. 14526 


PHONE ORDERS CALL 


TELEX 466735 RAMSEY Cl 
FAX 716-586-4754 


INCLUDES 2 HOOK ON PROBES 5369.95* INCLUDES 2 HOOKOH PROBES *499.95* 

20 MHz DUAL TRACE 35 MHz DUAL TRACE 

Features component testing circuit for resistors, capacitors, wide frequency bandwidth—opfimal sensitivity —delayed 
digital circuits and diodes—TV sync filter—high sensitivity— triggering sweep—hold oft—ALT trigger—single sweep TV sync 

Z axis—XY mode—built-in calibrator—5X horizontal magnifier 5X magmfication-XY or XYZ operation— HF/LF noise reduction 


Field /bench applications—built-in charger and battery pack 
—up to 2 hours operation per charge—5X horizontal 
magnification—high brightness ChT— front panel Irace rotator 


VERTICAL 

SENSITIVITY 


»TRACES 


20 MH z |2| 


8x10CM 


35 MHz 


All Ramsey oscilloscopes feature unsurpassed qualify at an 
unbeatable price Of heavy duty construction, they are suitable 
for hobby, service and production applications 

‘Add an additional $) 0.001 or each unil lor shipping. 


15 MHz 


3 5 inch 


25 MHz 


35 MHz 


SxTOCM 


50 MHz 


CT-70 7 DIGIT 525 MHz CT-909DIGIT600MHZ CT-508 DIGIT 600 MHz CT-1259 DIGIT 1.2 GHz 


550MH; 


10 Hz-1 25 GH. 


ICHf-edOMH! 


RAMSEY D-4100 
COMPACT 
DIGITAL 
MULTITESTER 


S« muse come ji/rt'3 
different lights niche* 
with music One light 
each tor tMOh mid tangr 
and lows Each mdividu 

Ally Ad|ust*ble And 

(hives up to 300 W tuns 
ontlOVAC 

MA -1 Kit $8.95 


TDW DtCOOBR 'U T f 

A complete / JlF 

teme decode. / Wv / 
on 4 single PC board Tenures 40D5000 
Hi a«J|uttiWetano» vaZOlutnpci von 
age leguMhori 56/X. Useful lor touch 
tone Our si deter lion FSK etc (.an also 
De deed as a stable tone encoder Rum 
on 5 lo 0 volts 

Complete M TO 1 S5.95 


s 

transmits up to DO to 
Any FM broadcast-#ilto 
uses any type ol rmhe 
Runson3tu9V lypeFM^ 
?ha$ added sensitive 
mrlirp wop stage 


StEUTH VI--J 

A super sensitive atnpl* 
ftci wrucnw.il pick up a 
pin drop at 15 feel' Ureal 
for monitor mg baby s 
room or as genual put 
pow amplifier FullTW 
rm» Output lunsonBlo 
15 volts uses M5 ohm 
speaker 


MAOBLASHR 

Produces l OUD ear smu 
lanng and attention gel 
ling siren like sound Can 
supply up to 15 walls o» 
odciobious audio Runs 
onb-ttVOC 

WBiat $4.95 

WHISPf N1IGHI 

An interesting fcil small 
mifce p*ks up sounds 
and converts inem ro 
iigni The louder IM 
sound the brighter the 
iigni Inciudrsmikc ton 
tro4supto300W »ut»on 
IB VAC 

m i k.t $6.95 


LIOBIINKV KIT 

Allemaleiy flashes 2 
(umbolFOs Use lor 
ume badges buttons 
warning panel lights 
Huns on 3 to 15 volts 

i*i r ■ $2.95 

UNIVERSAL TIMER 

Provides the bas*c parls 
andPCnoanli«i«iredto 
provide a source otp«e 
ciwon tnruna and pulse 
OenyralKin Uses 555 
Inner If. and includes a 
rang* ot parts lor most 
timing needs 

UI-5K.1 $5.95 


FMRICflVIR 

FOrbuiltinappiicalioni 
omoMyCApe'imenta 
l*pri FwU fledged supe* 
iwtrodyn* receiver 
mtcrovod sensiiivity, 

B 7 MM/ IF Integrated 
Circuit detector 50 mw 
audio amptrlier gv 
•sternal power source 
operation on standard 
FM broadcast band as 
wed a: large portions on 
earn vc* compact if 
spur*! »o* bug detec 
lion or receplion 

FR mil SI4.95 


A super nigh p» rtoi mane* 
fM wneless m.sekil' 

Pan smiis a siabfe **g a* 
up lo .100 yards with 
e*i •plumal audio Quality 
py means ol >ts burn m 
eletireimihf Kit includes 
case mike on oil switch 
antenna bahr-v and 
super mstruc Horn Thttis 
me imesi unit available 

FM 3kit $14.95 

FM 3 Wired and tested 


till PHONE 
FRAJ»SM(7TIR 

low cost wilh proles 
vonal performance Fea¬ 
tures include velfpncint 
•me pow«*ed tunaDte 
horn Zb lo ttuMrr; 
polarity aniisansitivii 
compact sue • at V| 
eavly installs anywhere 
on ifi# phone tow or 


VOICE ACTIVATED 
SWITCH 

Voice activated switch 
M provides twitched 
output with current ca 
pabd'iyuptoBOmA 
Can drive *eEays irghls 
l ID or even a Jape 
recorder motor Runs on 
9VOC 
VS 1W1 

S6.95 


40WAir?mir 

PWRAMP 

Simple Cl ass C po we r amp teatur es B 
tunes power gam 1W in tor 6 out. 2 W in 
for ft out 5 W in lor 40 W out Mai output 
ofSOW "<rwj,g( t y 4 (,, c comptetew.fr. 
ad parts WsscaseandT fi relay 

PA t aowpwrampkit $22.95 
TA t Rf sensed T A relay krt 6.95 


GO Nr TIME BASE 

Runs on 5 ft VOC 

IPW current «?5mji 

t ihrn/montti accuracy 


Produces upwa'd and 
downward wail 5W 
peak audio output <unt 
onTttvollS uses 3 46 
owmspeakf* 

Completrkil SM 3 


IBAKit 53. JU 

IHAAssy $9.95 


L 


FREQ RANGE 

SENSITIVITY 

ACCURACY 


30 


1-ioMH. n 

Less Ilian ?50mv 

1 PPM 



mm 




ifml 
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/L© ' . ^T^ t -■-\ Commodme Modal # 1520 ■ _ 


2K10 TURN i^ BU2ZER 

MULTI TlIRNPnr I fflf (£» Stir #SMB O0L 


EDGE 

CONNECTORS 

ALL ARE. 156 SPACING. 


22 EDGE CONNECTOR *1.25 aa 
solder lug style to tor * 11.00 
22/44 EDGE CONNECTOR 
12 00a# PC style 10 lor *19 00 
22/44 COOE CONNECTOR 
solder lug style *2,50 each 
28/58 EDGE CONNECTOR 
PC style *2.50 aa 

34/72 EDOE CONNECTOR 
PC style *3.00 each 

43/84 EDGE CONNECTOR 
PC style *4.50 each 

TRANSISTORS 

2N704 4 tar *1.00 


TRANSFORMERS 


COMPUTER FI 
GRADE | 1 f 

CAPACITORS U i 

1.400 mid 200 Vdc 

3" X 2 “ dia. $2.00 

6.400 mid 60 Vdc _ 

4 1/4"* I 3/8"dia.$2.50 ^ 

7,500 mid 200 Vdc 

1/4" * }” did. S4.0U 

12,000 mid 40 Vdc mi 

4 i/4" * 2 " dia. 52.50 gj 

22,000 mid 25 Vdc co 

4 3/4" x 2" dia. 52.50 C‘ 

48,000 mid 10 Vdc ~ 

3" x 2 1 / 2 " dia. $2.50 

66,000 mid 15 Vdc 

3 3/4" x »“ >1 ia. $3.00 hi 

72,000 mid 15 Vdc jj 

100,000 mid 10 Vdc “|| 

6" x 1 1/2" dia. $ 1.00 ta 

£5® PHOTO-FLASH Z 
CAPACITORS *t 


Commodore Model # 1520 
Four co'or X-V plotter. Slandaid VIC 
serial interlace allows easy connection 
^o Commodore 64 computers Up to BC 

_4 inrh paper 

~~ I CAT * COM-1520 
*49.95 each 

EXTRA pen aete *1.50 per eel 


MULTI TURN POT 

SPECTROL 
#MOD534-7161 


POLARITY SWITCH rj 

Designed 10 control an Ly 

I external coaxial relay on \f 

a sateii-te TV system IDEAL FOR T_ 
THE EXPERIMENTOR AS PARTS Heavy 
chassis box containing a 5 Vdc relay, f 
CA 358 op amp and other parts. 


MICRO-CASSETTE MECHANISM 


Micro-cassette tape transport toi 
standard MC60 or MC45 
micro cassettes. 3 Vdc operation 
Contains drive motor, belt. head, 
capstan, pinch wheel and other 
components. 3 1/2“ X 2 1/4 • x va¬ 


il Jiqht, emergency 
rning Light , or 
>cla)-ef fects lamp. 
1 reflective lens 
2 3/4” x 5 1/2” 
mount eel on a 


WALL 

TRANSFORMERS 


I 4 vdc ©70 m#. 
8 VAC © 500 nu. 
6 VDC 6 750 m*. 


24 VAC© 250 mi. 

MULTI VOLTAGE © 500 1 
3,4*4,8,7(11,4 or 12 VOC 


LIGHT ACTIVATED MOTION 

SENSOR =5 

Soti^hich’ aettsee 

nght? Hhnn q an iujocf'or' f®] (3^6 I 


Tl SWITCHING POWER SUPPLY 


Compact, well-regulated 1 
designed to power Te»as 

equipment 

INPUT 14 -25 vac ® 
OUTPUT • 12 vdc @ 


RELAYS 

10 AMP SOLID STATE 

CONIROl 3 32 vdc 

IOAO ittm, IDamp' V #-- £ 

SI«/V,N-xV fp‘‘\ 

*9.50 EACH 10 FOR *90.00 

ULTRA-MINIATURE 

5 VDC RELAY 

FBR2I1NED005M20 dfcjjfr 
High sensitivity IrC' 

COIL I20ohms Rf—IT 

CONTACTS 'amp 
Mourns in 14 urn DIP socket 
*125 each 10 lot *10 00 

MINIATURE 

6 VDC RELAY 

Aromat #RSO 6V 

Super Small rePjSii —1 

SO 


WALL TRANSFORMER 48 KEY ASSEMBLY 
11.5 Vdc FOR COMPUTER OR 
r.v 1 195 HOBBYIST 

_ J Amp. 

CAT # DCTX-11619 NE WTi KEYBOARDS Originally 
an J used on computers. thesS key- 

*6.50 each boards contain 48 S P S.T mech- 

. amcai switcties Terminates to 

3Va SPEAKER 15 oin connector Frome 4 'x 9 - 


p< -a fJ^sst- telephone r? 

L ry e^mtgre, COUPLING 

^5^7 mountmgeenton ITRANSFORMER* 


SPRING LEVER 
TERMINALS 

Two color re- r -»i 

coded I 


3/4-. Sta -1 314 *1 75 each ■ 

XENON FLASH TUBE I 


sturdy2W-> « « 

3%‘ bakeiiie , 

Great tor speaker enclosures - 


J 3 / 4 " long X 1 / 8 " dia Flash 
tube designed far use in 
x compact camera dash units 

Ideal for experimentors. 

) CAT* FLT-1 2 tor *1.00 


*150 each I S.RD.T. 
10 lor *13 50 I (on-on) 


»er Texes instrumeniscompute' 
- 25 vac ® 1 amp* SPECIAL 
12 vdc @350 ma. PRICE 
5 vdc @1.2 amp 
5 vdc @ 200 ma. 31 



CONTACTS: S PN C H 
Kl amp @120 vac U) 

Energize coif to N 

open coni aci 
COIL: 13vdc 650 ohms 


4PDTRELAY | 

3 amp contacts 
USED txji tuiy ! 

tested *1.70 each 
Speedy coil voila^eces.r 


MINIATURE TOGGLE SWITCHES 

ALL ARE RATED 5 AMPS @ 125 VAC 
!D.T. . S.RD.T. 3 S.RD.T. 

'-on) l (on-on) J (on-off-oi 

* lylB Ifi. Solder JIX Solder lug 


D.RD.T. J 

(on-on) Jjk 

Solder lug IB 

terminals (KSH 

*2.00 each 
10 tor *19.00 
100 tor *1*0.00 


13.8 VDC REGULATED POWER SUPPLY 

/'W/tilTiw] These are solid stale, tuliy regulated 13 8 vdc 
/V///////////Ajfl power supplies Both feature 100% solid stale 


s. 12 VOC *7.50 

MINI-BOX 

Pomona #2104. 


3 amp conatant, 5 amp urge 


8” 15 WATT SPEAKER 

C.T.S Model 8B3079 


Heavy-duty black c.T.S Model 6B307! 
phenolic proiect box with cover and Fu11 range WBk8r , 
screws 2W X IVY X m: 100-10 000Hz; 


220 Vac 
COOLING FAN 


LARGE QUANTITIES AVAILABLE STANDARD JUMBO 
SOCKETS FOR KH RELAY DIFFUSED T 1-3/4 f 
75* each RED 10 tor *1.50 C 

RECHARGEABLE GREEN 10 tor *2^Dt? fj 

NI-CAD BATTERIES TELLOW 10 tor *2.00 f 

,_--rT3. ioo tor * 17.00 1 

FLASHER LED 

v -"' m 5 volt operation 

AAA SIZE 1.25V 500mAH*1.85 ■ red jumOo T IV. 

AA SIZE 1 ?!rV 500mAh *1.85 # 3,16 *1-00 each 

AA with solder lab *2.00 11 NEW GREEN FLASHER 

C SIZE 1 2V 1200mAH *3.50 I j CAT*LED4G $i 00 


3AG (AGC) SIZE 

1, Hj. 2. 2Ys. ). 4. 6, 6 AMP 

SE3» 

5 of any ONE amperage 75« 


100-10 000Hz. VliW'l I 

Ideal lor PA systems <7 w) }/j]))|j 
Mounling holes tor **4^ 

line-matching tranaformer. - J A, 


metal frame Ian. availat 

CAT* CF-220 *6.50 ex 
10 tor *60.00/ 100 lor *500.00 Cat i 


AAA SIZE I 25V 500mAM*l .85 H red jumbo T IV. 

AA SIZE 1 2!iV 5Q0mAM *1.85 # 3,18 *1 00each 

AA with solder lab *2.00 11 NEW GREEN FLASHER 

C SIZE 1 2V 1200mAH *3.50 II CAT0LED4G *100 
SU8-C SIZE solder tab *3.30 'I 

D SIZE 1.2V 1200mAH *3.50 BI-POLAR |um 5° f J r ^ Jg‘ 
NI-CAD CHARGER LED HOLDERS _ 

Will charge TESTER TWo piece holder ^ ffl 

most .. i M lorjumbo LED 

»ize < F OB* 10 for 85* 100 for *5.00 

Mi -cad r fe nTf li CLEAR CLIPL1TE 

ba ttery\ Mnt'87atri\ LED HOLDER 

avai Make LED a fancy 

indicator Clear ■ 

Cat I UNCC-N $12.50 4 for *1.00 


D.RS.T. LIGHTED 
ROCKER SWITCH 

115 vac Irghled rocker. ">. 

rfiTsr w<n 

Orange lens 16 amp l J\l 

S“ W 1 

MINI-PUSHBUTTON 

S.RS T momemary 

norm any open JESjjfPu/ 

W- bustling 3st ^ 


fV^lSNAP ACTION 
SWITCH 

Cherry elect. #E-21 N.O.orN.C. 

0 1A contacts. Suitable lor alarms 
and otnar low anargy circuits. 

454 EACH 10FOR *4.20 

SJ>.S.T. CARI,lNG 
TOGGLE RATED! 
SWITCH 1 <> imp 

f* 125 Vac. 

All plastic body 

CAT* STS-) 

SI.00 ea. b 

10 for SB. 5DU=i®[u , 'J 

LARGE: yUANTITXKS 


K0DE MASTER 

(for Novice, General or Extra Class students)^ 

Prepare for your next code exam using com¬ 
puter generated QSOs. Each QS0 contains 
callsigns, names, QTH’s equipment info plus 
many of the other exchanges commonly found 
in Ham QSO’s. QSO’s can be displayed on the 
screen by one character at a time, by each 
sentence or after the completion of the QSO 
for checking. With a printer you can print out 
a hard copy. Available in 5 wpm for Novices, 

13 wpm for Generals and 20 wpm for Extra 
class students. 

□ UB-KN Novice Class (for C-64) $14.95 

□UB-KG General Class (for C-64) $14.95 

□UB-KE Extra Class (for C-64) $14.95 


M iKi 


ANTENNA SYSTEM 

This nifty antenna modeling and development 
program will help you get the most from your 
antenna projects while eliminating much of the 
drudgery of antenna calculations. Part one 
covers standard design antennas—dipoles, ver¬ 
ticals and Yagi designs. Part two designs 
shortened dipole antennas for space limited 
hams. Great for shortened 160/80 meter an¬ 
tennas. All dimensions are listed. At this price 
it’s not an engineering program but a neat 
program to have around. 

□UB-AS (for C-64) $9.95 


ham.. 

radio 


„«* BOOKSTORE 

GREENVILLE, NH 03048 



THE DIGITAL NOVICE 

by Jim Grubbs, K9EI 
Now that novices have digital privileges, there 
are thousands of new Amateurs anxiously 
awaiting to get on-the-air. Who’s going to an¬ 
swer their questions however? Jim Gubb’s 
new book, The Digital Novice is written with 
beginner’s needs in mind. Each of the popular 
digital modes is fully covered with a brief his¬ 
tory and full description of how it works. 
Hardware and software are covered in clear, 
concise terms. The book finishes with a look 
toward the future. Four appendixes cover; 
Morse, Baudot, AMTOP and ASCII Codes and 
has a glossary full of commonly used but mis¬ 
understood terms. Great for beginners and ex¬ 
perts alike. ©1987 1st edition 
□JG-DN Softbound $9.95 

Pre-Publication Special Save $1.00 


YAGI ANTENNA DESIGN 

by Dr. James Lawson, W2PV 

Based upon the popular Ham Radio Magazine 
series, this book includes notes, charts, 
graphs as well as other additional information 
not found in the original text. W2PV was 
known world-wide as one ot the most know¬ 
ledgeable experts on antenna design and op¬ 
timization. This book is full of his contest 
winning "trade secrets." Eight chapters cover: 
Performance calculations. Simple Yagi anten- i 
nas, Yagi antenna performance optimization. 

Loop antennas, The effects of ground, Stack¬ 
ing, Practical design, and Practical Amateur 
Yagi antennas. A wealth of information at a 
modest price—Lawson's book should sell for 
much more—every Ham should get a copy for 
their bookshelf. ©1986 1st edition 
□AR-YD Hardbound $14.95 

RADIO DATABASE INTERNATIONAL 
1987 Edition 

One of the problems SWL’s encounter is hav¬ 
ing an up-to-date and accurate program 
schedule tor international broadcasters. While 
no listing can ever be 10ty accurate, this new 
book represents thousands of hours of re¬ 
search and is one of the most accurate SWL 
international broadcasting listings available. 
Stations are listed by frequency and language 
format. Also included is power output and to 
whom the programming is directed and other 

! helpful information. Covers 2 to 26 MHz short¬ 
wave bands. A Buyer’s Guide gives you infor¬ 
mation on selected portable and tabletop 
radios. A number ol tutorial articles have been 
included to help you get the most from your 
radio. ©1986 

□IBS-RDI Softbound $12.95 

THE BUYER’S GUIDE TO AMATEUR 
RADIO 

by Angus McKenzie, G30SS 

This new book from the RSGB is an invaluable 
aid in evaluating which radio's operating 
parameters—over 100 measurements and 500 
analyzer plots were made. Equipment was also 
subjected to many hours of on-the-air testing 
from 1.8 MHz to 2300 MHz by hams through¬ 
out the UK and around the world. There are 
more than 100 full equipment reviews and 
nearly 100 more products with brief reviews. 

© 1986 472 pages. 

□RS-BG Softbound $14.95 








Wt SHIP WORLOWIOI _ ^ 

Barru Electronics Corp. 

# WORLD WIDE AMATEUR RADIO SINCE 1050 I 


%***£ 

U HF ANTENNA 


^ MOBILE 
HF ANTENNA 


NCW IMfAOVID MOOKUI 


8-BAND COVERAGE ■ All Amateur. MAWS. 

At»d CAP f rvquan* iaa from 10 to 90 meters' 

BANDSWITCHINO - Switches mauatly to 
pra-tunee fr».|ui>n< i«i on *nv bend' 

HIGH -M RESONATOR Hi(h w »»r inductor 
!■! P ro¥U1 ** muinuffl itficitncy on all bands! 

FUNCTIONAL DESIGN • Provides low wind I 
leading. easier tuning. and more pleasuid 
use Mipwruwe 1 Rugged construction (or lung 
Lis and reliability ' New (uld-over feature 

?Q 0 WATT CAPACITY - Conservative rating’ 
cobPLiTi ajrmtxa • szjot to nom 

PRICE $74.95 

1000 WATT MOOEL AVAILABLE - »84. 95 
Snipping prepaid wita chei a or money orders. 
Shipping added to credit card sales and orders- 
out ol tne lower 40 States. 

TEXAS RADIO PRODUCTS ww 

5 East Upshaw Temple Texas 76501 -Ter 
(817)771 1188 


MICROCOMPUTER 
REPEATER CONTROL 



$129 


introducing ihe MICRO REPEATER CONTROLLER HPT 2A. a now 
concept tn LOW COST. EASY TO INTERFACE, nucrocomputm 
rnpoater control Replaco oM log* boards with s aisle ol lho *rt 
m<rocompote« that adds NEW FEATURES. HIGH RELIABlI ITY 
LOW POWEH SMALL SIZE sod FULL DOCUMENTATION lu you* 
system Direct interface (drop in) with wrtl repoalers Dotaiiod in 
leHace inlormahnn included (KKyn.U MICRO REPEATER CONTROL 
article lo a lined in OST Dec '983 


• two CW It) Mwuvep- • H«;nnf«jiH.»t*n COR l*'piil 

• Tene Out fvnor • High Current PIT intrrtv.- 

• Pm* 1 mtwm>iI Warrw>) M!Xi • Sue- W.t.n lore* Generate). 

• »*.iii Timocjut CW M c x<i • l uw Power <i is vfX'. or .'00 mn 

• Courtly (loop • S^n i b" • 3 5" 

• AutAary Inputs • AH Conmekvs tnctiided 

RPT-2A Kit Only $129 phis $3 00 stopping 

PROCESSOR CONCEPTS ^ 

P O BOX 26023 59 

ST PAUL . MN 55126 

( 6 1 2) 184 9176 7pm 1 0pm evenings 

CALI OR WRITE FOR FREE CATAlOG AND SPECIFICATIONS . 


TUBES — 2000 TYPES 

1 DISCOUNT PRICES! 

I5t Early, hard-to-lmd. and modern lubes 
Also Iransformers. capacitors and 
parts lor tube equipment 
Send $200 lot 20 page wholesale 
catalog 

Antique Electronic Supply 

688 W First St • Tempe. A2 85281 
602/8949503 


Your on* source lor all Radio equipment! 


For the best buys In town call: 

212-925 7000 

Los Preclos Mas Bajos on 
Nueva York 




KITTY SAYS WE ARE NOW OPEN 7 DAYS A WEEK - 

Saturday & Sunday 10 to 5 P.M. 

Monday Friday 9 to 6 30 PM Thurs to 8 PM 
Coma to Barry's lor the beat buys in town 

ONV Safety 
belts in Stock 


n icom 


Wa aiv* You the Bait lr 
Commercial Radios 


ICPMA 751A, Ui.lHKiu IRA 48A Mem' 4 
14 7000 IZ71A. Z7SA/M J2O0A 47SA/M 73t* 


i 

i 



S72B 6JS6C 
12BY7A 1 
4 400A 


- * EMF 

K 232. ALPHA AMPLIFIERS 

■ MFJ Modal. 

- , | 422 313 98VB & 9410 | 

1 Complete Butternut Antenna 
Inventory In Stock 1 

SANG LAN Portable Shortwave Radio. 

DtUltAl MttOUfNCY COUNTERS 

Tnorry. Modi' TR UXXV 0 F.OO MH/ 

OOO . 

EQUIPMENT 
IN STOCK 

AMP SUPPLY STOCKED 

Luny <»ng* W..»i»»« 


| t«t» Iowa*. 

BENCHER PADDLES. 


H*Ga*i* Ttxwa' 

B ALU NS. | ;i ' 

IN STOCK I't’i [' f 


II Rarer. win be 

II SlMpped 1 



M«»er York fltw-a LARGEST STOCKINQ HAM DEALER [ 

v'»F » COMPLETE REPAIR LAB ON PREMISES | 

We Sloe* ALA AMMI Ai[>*>a AMMCb Antenrvi Specisliai* AaiaIk. Aatrpn. 
BIX B&w Bench*.. Bird Butternut COE CES Cotlmi Communrcahone 

“Aqul So Hoblo Eepnnol" 

Barry international TELEX 12*7670 
MERCHANDISE TAKEN ON CONSIGNMENT 

FOR TOP PRICES 

, 

AUTHORIZED DlSTS MCKAY [)YM[K FOR 

Crmnwne 

Stalked ICOM MAHON 
Standard W>i 

»iv«4t'P#'rt*** tiuai 

•••..at Cun (>•'*"** 
•1C •ncO.i*. 

firm rnwatere 

Spec Connectort. Covwcfett. Cuehcrefl. Dmwa Demron Oig.m«i DfAAe 
no (Alphai E«n*c. Encomm Me«Sound Henry. Hutller (NMMna) My 

Gam Icom. HIM •Unbonica Lar*f"' MCM (CUnaai MFJ .1 W MAW. Min. 
Product*. M*raoe Newtronic* Nye Viking Pakvnar nr Product*. Redo 
Amateur Caaboofc RncAwWi CodmA Se.lon Shure Tele. Tempo twvtec 
Tokyn M. Power Tr«>ny* TUBES W2AU WoDe< WHeon Veeiu Ham end 
Commercial Redo* Vocom VJyopM. Curt* Trv€« Wacom DupW.er* 
Repea'er* PtuHp* Oodge Fenon iniorcom* Scenner* Cryetete Rede 
PubKenon* 

IRT.'LF X "Spring Si Station 

Sobwaya mm> Ponce Si Station 

INO 'I Traln Rwy Slahon 

Bus Broadway #(. to Spring St 

ealh-Wh S» PIA A«j Sl.hon 

HAM OTAlin iNOtllRTS INV1TCD PHCNC IN YOUR OROI R 4 M HI iMOllRSFO 

COMMinciAL RADIOS alocked A a*, viced on premises ^ 

Amateur Radio Courses Given On Our Premises. Call sales 

Eiport Orders Shipped Immediately TILCX 11-7670 FINAL 


Barry Electronics Commercial Radio Depl. oilers Ihe Besl in two-way communications lor Busi¬ 
nesses, Mumcipalilies. Civil Defense. Broadcasting Companies. Hospitals, etc Sales and Service 
(or all brands Maxon, Yaesu. Icon, Tad. Octagon Regency/Wilson, Midland. Standard, Umden, 
Shi nway. Fujilus. Seas. Spillsbury. Neulec. etc Call or write for information 212-925-7000 


AMATEUR RADIO 


LOG 


station 

log book number 
from to 


RETURN OF AN 
OLD FAVORITE 

AVAILABLE NOW! 

$2.95 each — 3 for $6.95 

Please enclose S3.50 
Shipping and handling 

Ham Radio’s Bookstore 

Greenville, NH 03048 

April 1987 EiS 111 














































PacCbMM TNC-220 

HF / VHF Terminal Node Controller 

*124.95 *159.95 


The TNC 220 is a new, low-cost Packet 
Terminal Node Controller evolved from 
the Pac-Comm TNC 200 (TAPR TNC 2). 
It uses more large scale integrated cir¬ 
cuits and fewer components to provide 
greater functionality, reliability and 
sensitivity with reduced size and cost. 
The single-chip modem used for both 300 
baud HF and 1200 baud VHF operation 
has two radio ports. Switching between 
ports is done entirely in software and no 
cable changing, no switch setting and no 
retuning is required! The HF port has an 
active bandpass filter and provides either 
FSK or AFSK keying. An optional tuning 
indicator slides inside the cabinet. A 
standard modem disconnect header will 
connect accessory high speed or satellite 
modems. 



• Two radio ports 

• 7910 single-chip modem 

• 300 and 1200 bauds 

• Enhanced command set 

• Multi-color status LED’s 

• Supports RS-232 and 
TTL computers 

• Active HF bandpass filter 

• Tuning indicator option 

• 12 volt DC operation 

• Premium quality case 

• 6" w x 2” h x T d 


ASSEMBLED 

The TNC 220 has the familiar TAPR 
command set and AX.25 Level 2 Version 
2 protocol running on a Z-80 processor 
with 32k bytes of EPROM and 16k bytes 
of battery backed RAM. A Zilog 8530 
SCC performs all packet HDLC in 
hardware. The terminal port can select 
either RS-232 or TTL for your C-64/128, 
VIC-20 or other TTL. computer. Five 
large, color-coded LED’s clearly indicate 
status at a glance. The power switch is 
now located on the front panel The 
TNC 220 is enclosed in a rugged ex 
truded aluminum cabinet with an attrac¬ 
tive two-tone blue front panel. All indi¬ 
cators and controls have large, clear 
labels. 

Tech Line (813) 874-2980 
Write For Free Packet Catalog 


ORDER DIRECT 800-223-3511 FREE UPS BROWN 


Pac-Comm Packet Radio Systems, 3652 West Cypress St., Tampa, FL 33607 105 


ham 
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Come see us in Dayton Booth 68. 


NEW! LOW COST 
AC POWERLINE 
DISTURBANCE MONITORS 


■ MODEL LDM-120 ONLY $99 
DETECTS, STORES AND DISPLAYS 
WORST CASE LINE VOLTAGE VARIA 
TION DUE TO BROWNOUTS. SAGS 
AND SURGES 1'jAND3CYCLE 
RESPONSE TIMES60-160 VOLT 
RANGE 

■ MODEL LSM-120 ONLYS139 

DETECTS STORES AND DISPLAYS 
WORST CASE PEAK SPIKE VOLTAGE 
NORMAL AND COMMON MODE 
SELECTION 100 V-2.5 KV RANGE 

COMPLETE STANDALONE INSTHU 
MENTS WITH INTERNAL AUDIBLE ALARM 
AND EXTERNAL TTL ALARM OUTPUT 
FULLY ISOLATED 1 YEAR WARRANTY 

CATCH THOSE GLITCHES! 


J UJCTAOMC n 




CANOGA WtXKKANO >*tS CA OVlfVJ 

i£i«i:v»« M3TO 

^ 106 

CAUOft WRITE FOR LITERATURE 


COMMODORE 64 
LADDER NETWORK 
ANALYSIS PROGRAM 
’ALADYN-64’ 

This program is a menu-driven design 
tool with a built-in circuit file editor, 
fast calculations and graphic output to 
either the screen or printer. Useable 
for circuits which operate from VLF 
through Microwave. Circuit elements 
include R’s, l’s, C’s, transmission 
lines, transistors and FET’s. (Xitput 
format rectangular or Smith chart. 

$59.95 PPD. Check or n.O 
INTERCEPTOR ELECTRONICS INC. 
ROUTE 1. BOX 439, ROUND HILL. VA 
22141-9307 PHONE(703)338-4905 


LCR METER w/ D Factor 

“...MEASURES BOTH YOUR COIL’S 
INDUCTANCE AND LOSS FACTOR ”• 




Measurement range 

• The Industry 's first hand¬ 
held, low-cosi. LCR meter 
with D Factor 


0 1«H-1.999 H 
0 1 pF- 199 P F 
0 IB - 19MSJ 
0 01-19.99 

$199.95 
Freight pd. 

CARES -Max 


AMERICAN RELIANCE, INC. 

9241 E. VALLEY BLVD. (800) 654-9838 
ROSEMEAD, CA 91770 CA (818) 287 8400 
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Tell ’em you saw it in HAM RADIO! 










Electronic Repair Center 

Servicing 

Amateur Commercial Radio 

The most complete repair facility on 
the East Coast. 

Large parts inventory and factory 
authorized warranty service for 
Kenwood, Icom and Yaesu. 

SEND US YOUR PROBLEMS 

Servicing "Hams" lor 30 years, no rig 
loo old or new lor us. 

MA4MM« 

4033 Brownsville Road 
Trevose, Pa. 19047 

215 - 357-1400 




Full Feature 

Remotely Programmable 

Repeater Controller 
for under $600 

is Fielil tested for over 2 years 
y'Full 2 year warranty 


FREE: 


free Full Color Brin Imre 

0 / ! Call Toll-Free 

f 1-800-621-8387 

ext. 244. S .im S pm Mountain rum- 

IS com •' m 


< >» U r 


S« m jI Dayton 
Honor, J04 A Xfc 


r.O. Box fW2 I • hurt C olltns, I'O 80S2S 


Want to 
Advertise in 
HAM RADIO? 

Call Rally Dennis 
(603) 878-1441 
today for more 
information 


DUAL BAND ANTENNAS FOR 
* ULTIMATE PERFORMANCE!! 

Model Description Sug. List 


2X4Z Base/Repeater 200 Watt $168.95 

Gain 146 MHz 8.2dB, 446 MHz 11.5dB 
2X4SR Mobile with Mag. Mt. 150 Watt 71.90 

Gain 146 MHx 3.8dB. 446 MHz 6.2dB 
2X4SDY Mobile with Mag. Mt. 100 Watt 65.95 

Gain 146 MHz 2.15 dB, 446 MHz 3.8dB 
HT 702 146/446 MHz Hand Held BNC 50 Watt 29.95 

C7-71 Base/Repeater 920 MHz $115.95 

50 Watt 7.14 dB Gain 

C202N Mobile 920 MHz with Mag. Mt. 72.95 

5 dB Gain 50 Watt 

1234E Base/Repeater 200 Watt $178.95 

Gain 446 MHz 8.5dB, 1.2 GHz lO.ldB 
124X Mobile with Mag. Mt. 100 Watt 104.95 

Gain 446 MHz 2.5dB, 1.2 GHz 3.5dB 
1221S 1.2 GHz Base/Repeater 100 Watt $158.95 

Gain 15.5dB, 21 Stepcolinear 

121OM 1.2 GHz Mobile with Mag. Mt. 50 Watt 76.95 

Gain 8.8dB 

415M High power duplexer 146 MHz 400 Watt 59.95 

446 MHz 250 Watt 


412N 


UHF/GHz Duplexer 446/1400MHz 68.95 


Max. 70 Watt 



1275 NORTH GROVE ST 
ANAHEIM, CALIF. 92H06 
(714) 630-4541 
CABLE NATCOLOLZ 
FAX (714) 6» JON 
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Dealer prices may be 
, different than list. 

Prices and specifications subject to 
change without notice or obligation. 


NEW CODE TAPES 


NEW CODE TAPES FROM 
AVC INNOVATIONS 
by John Karplcke N9AVC 
QSO TRAINER 

This tape has been designed to leach you to copy 
complete wolds instead ot letter by letter simply 
with a minimum ol nlfort and tuss Using the Stan 
daid 0S0 lormat. beginners and old timers alike will 
tmd that their code speed will improve dramatically 
as they learn ibe secrets ot word copying For years. 
htQh speed pros have used this tried and true 
method-learn then secrets and pnn the tun' two 60 
minute tapes cumplete with instruction sheet 
AVCQT 514.95 


QSO MASTER 

Takes you past the General class code lequiremenl 
and heads you towaid the Extra class hckel Four 
thirty minute programs cover 8 10 12 and 14 
wpm Two 60 minute tapes with instructions 

AVC-QM $12.95 

QSO PRO 

One more pimp and you ve got your Extra! These 
tapes are designed with that goal in mind Maximize 
yout copying skills with lour programs that cover 
16. 18, 20 and 22 wpm Two 60 minute tapes with 
instructions 

AVCQP $12.95 


ham.- 

radio 


Please enclose $3.50 shipping and handling 

BOOKSTORE 


5$ ZZ 


Greenville, NH 03048 


More Details? CHECK OFF Page 118 
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Radio's guide to help you find your ioca 


California 


JUN’S ELECTRONICS 

3919 SEPULVEDA BLVD. 
CULVER CITY, CA 90230 
213-390-8003 
800-882-1343 Trades 
Habla Espanol 


Colorado 


COLORADO COMM CENTER 

525 EAST 70th AVE. 

SUITE ONE WEST 
DENVER, CO 80229 
(303) 288-7373 
(800) 227-7373 
Stocking all major lines 
Kenwood Yaesu, Encomm, ICOM 


Connecticut 


HATRY ELECTRONICS 

500 LEDYARD ST. (SOUTH) 
HARTFORD, CT 06114 
203-527-1881 

Call today. Friendly one-stop shopping 
at prices you can afford. 


Delaware 


AMATEUR & ADVANCED COMMUNI¬ 
CATIONS 

3208 CONCORD PIKE 
WILMINGTON, DE 19803 
(302) 478-2757 

Delaware’s Friendliest Ham Store. 


DELAWARE AMATEUR SUPPLY 

71 MEADOW ROAD 
NEW CASTLE, DE 19720 
302-328-7728 
800-441-7008 

Icom, Ten-Tec, Microlog, Yaesu, 
Kenwood, Santee, KDK, and more. 
One mile off 1-95, no sales tax. 


AMATEUR ELECTRONIC SUPPLY 

621 COMMONWEALTH AVE. 
ORLANDO, FL 32803 
305-894-3238 

Fla. Wats: 1 (800) 432-9424 
Outside Fla: 1 (800) 327-1917 
Hours M-F 9-5:30, Sat. 9-3 


Georgia 


DOC'S COMMUNICATIONS 

702 CHICKAMAUGA AVENUE 
ROSSVILLE, GA 30741 
(404) 866-2302 / 861-5610 
ICOM, Yaesu, Kenwood, Bird... 
9AM-5:30PM 
We service what we sell. 


Hawaii 


HONOLULU ELECTRONICS 

819 KEEAUMOKU STREET 
HONOLULU, HI 96814 
(808) 949-5564 

Kenwood, ICOM, Yaesu, Hy-Gain, 
Cushcraft, AEA, KLM, Tri-Ex Towers, 
Fluke, Belden, Astron, etc. 


Idaho 


ROSS DISTRIBUTING COMPANY 

78 SOUTH STATE STREET 

PRESTON, ID 83263 

(208) 852-0830 

M 9-2; T-F 9-6; S 9-2 

Stock All Major Brands 

Over 7000 Ham Related Items on 

Hand 


Illinois 


ERICKSON COMMUNICATIONS, INC. 

5456 N. MILWAUKEE AVE. 

CHICAGO, IL 60630 
312-631-5181 

Hours: 9:30-5:30 Mon, Tu, Wed & Fri; 
9:30-8:00 Thurs; 9:00-3:00 Sat. 


_ Maryland _ 

MARYLAND RADIO CENTER 

8576 LAURELDALE DRIVE 
LAUREL, MD 20707 
301-725-1212 

Kenwood, Ten-Tec, Alinco, Azden. Full 
service dealer. 

T-F 10-7 SAT 9-5 


Massachusetts 


TEL-COM, INC. 

675 GREAT ROAD, RTE. 119 
LITTLETON, MA 01460 
617-486-3400 
617-486-3040 

The Ham Store of New England 
You Can Rely On. 


Michigan 

ENCON PHOTOVOLTAICS 

Complete Photovoltaic Systems 
27600 Schoolcraft Rd. 

Livonia, Michigan 48150 
313-523-1850 

Amateur Radio, Repeaters, Satellite, 
Computer applications. 

Call Paul WD8AHO 


Minnesota 


TNT RADIO SALES 

4124 WEST BROADWAY 
ROBBINSDALE, MN 55422 (MPLS/ST. 
PAUL) 

TOLL FREE: (800) 328-0250 
In Minn: (612) 535-5050 
M-F 9 AM-6 PM 
Sat 9 AM-5 PM 

Ameritron, Bencher, Butternut, ICOM, 
Kenwood 


Missouri 


MISSOURI RADIO CENTER 

102 NW BUSINESS PARK LANE 
KANSAS CITY, MO 64150 
(800) 821-7323 
Missouri: (816) 741-8118 
ICOM, Kenwood, Yaesu 
Same day service, low prices. 


Florida 


AMATEUR ELECTRONIC SUPPLY 

1898 DREW STREET 

CLEARWATER, FL 33575 

813-461-4267 

Clearwater Branch 

West Coast's only full service 

Amateur Radio Store. 

Hours M-F 9-5:30, Sat. 9-3 


Indiana 


THE HAM STATION 

220 N, FULTON AVE. 

EVANSVILLE, IN 47710 
812-422-0231 

Discount prices on Ten-Tec, Cubic. 
Hy-Gain, MFJ, Azden, Kantronics, 
Santee and others. 

SASE for New & Used Equipment List. 


Nevada 


AMATEUR ELECTRONIC SUPPLY 

1072 N. RANCHO DRIVE 
LAS VEGAS, NV 89106 
702-647-3114 

Dale Porray "Squeak,” AD7K 
Outside Nev: 1 (800) 634-6227 
Hours M-F 9-5:30, Sat. 9-3 


YOU SHOULD BE HERE TOO! 

Contact Ham Radio now for complete details. 
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mateur Radio Dealer 


New Hampshire 


RIVENDELL ELECTRONICS 

8 LONDONDERRY ROAD 
DERRY, N H.03038 
603-434-5371 

Hours M-S 10-5; THURS 10-9 
Closed Sun/Holidays 


New Jersey 


ABARIS SYSTEMS 

276 ORIENTAL PLACE 
LYNDHURST, NJ 07071 
201-939-0015 
Don WB2GPU 

Azden, Larsen, KLM. Mirage, Newmar, 
Vocom, W1JC. many others. 

M-F 10am-9 pm 
SAT 9 am-7 pm 
VISA/MC 


KJI ELECTRONICS 

66 SKYTOP ROAD 
CEDAR GROVE, NJ 07009 
(301)239-4389 
Gene K2KJI 
Maryann K2RVH 

Distributor of: KLM. Mirage. ICOM, Lar¬ 
sen. Lunar. Astron. Wholesale - retail 


QEP's 

110-4 ROUTE 10 

EAST HANOVER, N J. 07936 

201-887-6424 

In N J 1-800-USA-9913 

Bill KA2QEP 

Jim N2GKW 

VISA/Mastercard 

Belden Coaxial Cable 

Amphenol Connectors 

Hours: 9:30 am-7 00 pm 


New York 


BARRY ELECTRONICS 

512 BROADWAY 
NEW YORK, NY 10012 
212-925-7000 

New York City's Largest Full Service 
Ham and Commercial Radio Store 


VHF COMMUNICATIONS 

915 NORTH MAIN STREET 
JAMESTOWN, NY 14701 
716-664-6345 

Call after 7 PM and save! Supplying all 
of your Amateur needs Featuring ICOM 
"The World System " Western New 
York's finesl Amateur dealer 


North Carolina 

F&M ELECTRONICS 

3520 Rockingham Road 

Greensboro. NC 27407 

1-919-299-3437 

9AM lo 7PM Closed Monday 

ICOM our specialty — Sales & Service 


Ohio 


AMATEUR ELECTRONIC SUPPLY 

28940 EUCLID AVE. 

WICKLIFFE. OH 44092(Cleveland Area) 
216-585-7388 

Ohio Wats: 1 (800) 362-0290 
Outside Ohio: 1 (800) 321-3594 
Hours M-F 9-5:30. Sat 9-3 


DEBCO ELECTRONICS. INC. 

3931 EDWARDS RD 
CINCINNATI, OHIO 45209 
(513) 531-4499 
Mon-Sat 10AM-9PM 
Sun 12-6PM 

We buy and sell all types of electronic 
parts 

UNIVERSAL AMATEUR RADIO, INC. 

1280 AIDA DRIVE 

REYNOLDSBURG (COLUMBUS). OH 
43068 

614-866-4267 

Featuring Kenwood. Yaesu. Icom, 
and other fine gear. Factory author¬ 
ized sales and service. Shortwave 
specialists. Near 1-270 and airport. 


Pennsylvania 

HAMTRONICS, 

DIV. OF TREVOSE ELECTRONICS 

4033 BROWNSVILLE ROAD 
TREVOSE. PA 19047 
215-357-1400 

Same Location for over 30 Years 

LaRUE ELECTRONICS 

1112 GRANDVIEW STREET 
SCRANTON. PENNSYLVANIA 18509 
717-343-2124 

ICOM. Bird, Cushcraft. Beckman, 
Larsen. Amphenol. Astron. Belden. 
Antenna Specialists, W2AU/W2VS. 
Tokyo Hy-Power Labs, WELZ, Daiwa. 
Sony. Saxton, Vibroplex, Weller. 


Tennessee 

MEMPHIS AMATEUR ELECTRONICS 

1465 WELLS STATION ROAD 
MEMPHIS, TN 38108 
Call Toll Free: 1-800-238-6168 
M-F 9-5; Sat 9-12 

Kenwood, ICOM, Ten-Tec, Cushcraft. 
Hy-Gain, Hustler. Larsen, AEA, 
Mirage. Ameritron, etc. 


Texas 


MADISON ELECTRONICS SUPPLY 
3621 FANNIN 
HOUSTON, TX 77004 
713520-7300 
Christmas?? Now?? 

KENNEDY ASSOCIATES 

AMATEUR RADIO DIVISION 
5707A MOBUD 
SAN ANTONIO. TX 78238 
Stocking all major lines San Antonio's 
Ham Store Great Prices — Great 
Service. Factory authorized sales and 

ctprvirp 

Hours: M-F 10-6; SAT 9-3 _ 

MISSION COMMUNICATIONS 

11903 ALEIF CLODINE 

SUITE 500 (CORNER HARWIN & 

KIRKWOOD) 

HOUSTON. TEXAS 77082 
(713) 879-7764 

Now in Southwest Houston—full line 
of equipment All the essentials and 
extras for the "ham." 


Wisconsin 


AMATEUR ELECTRONIC SUPPLY 

4828 W FOND DU LAC AVE. 
MILWAUKEE, Wl 53216 
414-442-4200 

Wise. Wats. 1 (800) 242-5195 
Outside Wise: 1 (800) 558-0411 
M-F 9-5:30 Sat 9-3 


Solid Bravs 



• Precision engineered and fabricated by R A Kent 
(Engineers) England 

• Ball race bearings lor smooth trouble tree 
performance 

• Solid silver contacts 

• Machined hardwood weighted base with non-slip 
teet 

• Easy assembly 

Exclusive U S Distributor 

Total Electronic Concepts |TEC| 

Post Office Box H 400 Lincoln MA 01773 
(617) 259-0125 

Introductory Puce KIT S49 95 — 

ASSEMBLED S59 95 

lus ShOO postaqe and handlinq Massachusetts residents add 5% 
ai 

Please send SASE lor further information 7nt 
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RATES Noncommercial ads 10<t per word; 
commercial ads 60<t per word both payable 
in advance. No cash discounts or agency com¬ 
missions allowed. 

MANIFESTS Sponsored by non-profit or¬ 
ganizations receive one free Flea Market ad 
(subject to our editing) on a space available 
basis only. Repeat insertions of hamfest ads 
pay the non-commercial rate. 

COPY No special layout or arrangements 
available. Material should be typewritten or 
clearly printed (not all capitals) and must in¬ 
clude full name and address. We reserve the 
right to reject unsuitable copy. Ham Radio can¬ 
not check each advertiser and thus cannot be 
held responsible for claims made. Liability for 
correctness of material limited to corrected ad 
in next available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N. H. 03048. 


HOT/NEW PACKET PROGRAMS FOR YOUR IBM PC. Several 
telecommunications programs to choose from, especially written 
to interface your packet controller with your PC or compatible/ 
clone. Features like Full Screen, Line Screen editing. Split Screens, 
ASCII, Binary, X-Modem or user defined file transfers, DOS shell. 
Macro Keys, Command Files, many types of time/date/oper. ID. 
Multi-page brochures explain them all. Software Support. Write 
for new information and pricing. KALT & ASSOCIATES, 2440 E. 
Tudor Rd, Suite 138, Anchorage, AK 99507. (907) 248-0133. 
Charge Cards accepted. 


VHS VIDEO CASSETTES $29.50 total price for a box of 10 de¬ 
livered anywhere in continental U.S. Call for 24-hour order infor¬ 
mation. KB6MT (714) 990-9622. 


WANTED TO BUY zip code and directory published before 1980 
publication No. 65. Bernard Fair, 19455 Houghton, Detroit, Ml 
48219. 


S.S.B. CRYSTAL FILTERS. 9.0 MHz, 2.2 kHz bandwidth, six 
pole, with data $20.00 postpaid. OEM quantity available. ICL7117 
D.V.M. I.C.'s direct drive 3-1/2 digit LED same as 7107 plus hold, 
with data; $6.00.2/$10.00 postpaid. Dentron Scout C.A.P. trans¬ 
ceiver, 4MHz, 100 watts, new; $250.00. A.C.P.S. $75.00postpaid. 
George Misic, 14481 Watt, Novelty, Ohio 44072. 


1 Hz Resolution frequency synthesizer .For info S ASE to A & A 
Engineering, 2521 W. LaPalma Avenue, #K, Anaheim, CA 92801. 
1714)952-2114. » 


LEARN MORSE CODE IN 1 HOUR. Amazing new easy tech 
nique. Moneyback guarantee. $10. Bahr, 2549H Temple, Palm- 
bay. FL 32905 

SUPERFAST MORSE CODE SUPEREASY. Subliminal cas¬ 
sette. Moneyback guarantee. $10. Bahr, 2549H Temple, Palmbay, 
FL 32905 


TEN-TEC now shipping new-boxed USA made latest 1987 fac¬ 
tory models Corsair II, Century 22, Argosy II transceivers. Titan lin¬ 
ear amplifier 229A 2k w antenna tuner plus accessories, antenna. 
For the best Ten-Tec deal write or phone Bill Slep (704) 524-7519, 
SLEP ELECTRONICS COMPANY, Highway 441, Otto, NC28763. 

WANTED Schematic for Bearcat lOOEIectra, Model BC-100 Scan¬ 
ner. Please contact Ralph E. Smith, 857 Rougemont, St. Foy, 
Quebec City, Canada. 

HEATH Deluxe antenna tuner Model SA2060 —a beauty —best 
offer. (401) 789-1817 FOB. 

CHASSIS, CABINET KITS. SASE. K3IWK, 5120 Harmony Grove 
Road, Dover, PA 17315. 

COLLINS KWM-380. Fully updated. Excellent condition. Full 
service manual. Write or call. W3IRE, 9436 Howes Road, Dunkirk, 
MD 20754. (301)257-3041. 

BACK ISSUES OF HAM RADIO Magazine from March 1968 to 
June 1974. Complete your collection. Individual issues $4.00each. 
KX9P (319) 377-3563. 


IBM/APPLE COMPUTER program "Hamlog". 18 modules logs 
auto-sorts 7-band WAS/DXCC. Full feature. Also CP/M. Apple 
$19.95, IBM $24.95. HR-KA1AWH, PB2015, Peabody, MA01960. 


LO COST Sensitive-Selective HF receiver system. Ideal/1st 
station set. Enhanced Novice 10/15/40/80m coverage. Send 2 
stamps for free info. I. Megeff, KD2EF, 729 Lori Drive #101, Palm 
Springs, FL 33461. 


HOMEBREW PROJECTS LIST SASE WB2EUF, Box 708. East 
Hampton, NY 11937. 


FOR SALE: Tower, Rotator, Antenna Package-Tri-Ex W-67 
Tower, motorized extension from 22' (nested) to 67' plus mast 
height. Hand winch operated tilt-over feature. CDE Ham Ilf Rota¬ 
tor. Wilson DB-33(10/15meter beam). Cushcraft 20 meter beam. 
Very good condition. Package price $1250 firm. WA1USO, Fred 
Moller, Old Fitzwilliam Rd, Jaffrey, NH 03452. (603) 532-7635. 


HOBBY, EDUCATIONAL, INDUSTRIAL PRODUCTS. 70 kits 
Amplifier, FM transistor, VU meter, doorbell, alarm system, power 
supply. Send $3.00 to HOBBY ELECTRONIC, PO Box 1339, 
Claremont, NH 03743 or call (603) 543-0033. 


COLLECTORS: Have Karl Pierson KP-81 communications 
receiver for sale. Complete system- receiver, speaker cabinet and 
book. Open to offers. Cal, KL7HEM, 10300 Silver Knolls, Reno, 
NV 89506. 


PERFORATED ENCLOSURES 17 x 8.5 x 7.5 deep with grey paint 
and 17 x 8.5 x 11 deep with iridite finish. Unpainted blank front 
panel. Approximately 50each. $10 and $15 respectively. Quantity 
discountavailable. Don Reed, K0IFO, 911 North Lynn, Indepen¬ 
dence, MO 64050. (816) 252-9436 

DISCOVER “THE RADIO WORKS ’ ’. See what we are doing with 
high performance HF.and VHF antennas, parts, and accessories. 
Unusual 48 page discount catalog. 22 cents SASE. The RADIO 
WORKS, HRAPR, Box 6159, Portsmouth, VA 23703 (804) 
484-0140. 


(BM-PC RTTY/CW. New CompRtty (I is the complete RTTY/CW 
program for IBM-PC's and compatibles. Now with larger buffers, 
better support for packet units, pictures, much more. Virtually any 
speed ASCII, BAUDOT, CW. Text entry via built-in screen editor! 
Adjustable splitscreen display. Instant mode/speed change. Hard¬ 
copy, diskcopy, break-in buffer, select calling, text file transfer, 
customizable full screen logging, 24 programmable 1000 charac¬ 
ter messages. Ideal for MARS and traffic handling. Requires256k 
PC or AT compatible, serial port, RS-232C TU. $65. Send call let¬ 
ters (including MARS) with order. David A. Rice, KC2HO, 25 Vil¬ 
lage View Bluff, Ballston Lake, NY 12019. 


R-390A RECEIVER: $195 check; $115 reparable. Parts, tubes, 
sections. Info SASE. Mint military spec pull-out 12AT7, 6AG5: 
$15/dozen. CPRC-26 six meter transceiver (see Ham Radio, March 
1985) $17.50 apiece, $32.50 pair (add $4.50/unit shipping). 
Baytronics, Box 591, Sandusky, OH 44870. (419) 627-0460 
evenings. 


TRS80 4P/KANTRONICS UTU RTTY. Split-screen, 10 user 
keys, file transfer. Runs in Mod 4 (80 char) mode. $30 to COM- 
MPRO RTTY, c/o KB6IC, 3711 Gayle Avenue, Omaha, NE68123. 


COMPUTERS COMMODORE 64 and XT repair. ABS (201) 
758-6673. 


Foreign Subscription Agents 
for Ham Radio Magazine 


Ham Radio Austria 
Karin Ueber 
Post lac h 2454 
D-7650 Loerrach 
West Germany 
Mam Radio Belgium 
Stereohouse 
Brussetsesteemeeg 416 
B-9218 Gent 
Belgium 

Ham Radio Holland 
Postbus 413 
NL-7800 At Emmen 
Holland 

Ham Radio Europe 
Box 2084 

S-194 02 lipplands Vasby 
Sweden 

Ham Radio France 
SM Electronic 
20 bis. Ave des Clarions 
F-89000 Auxerre 
France 

Ham Radio Germany 
Karin Ueber 
Postlach 2454 
D-7850 Loerrach 
West Germany 


Canada 
Send orders io 
Ham Radio Magazine 
Greenville. NH 03048 USA 
Prices in Canadian funds 
I yr $41 85, 2 yrs $74 25 
3 yrs $99 90 


Ham Radio Italy 
Via Mamago <5 
1-20134 Milano 
Italy 


Ham Radio Switzerland 
Karin Ueber 
Postlach 2454 
D-7850 Loerrach 
West Germany 


Ham Radio England 
c/o R.S G.B 
Alma House 
Cranborne Road 
Potters Bar 
Herts EN6 3JW 
England 


CODEPROGRAMS. Apple/C-64. 31 modes, graphics, menus, 
wordprocessor. etc. LARESCO, POB 2018,1200 Ring Road, Calu¬ 
met City, IL 60409. (312) 891 3279. 


SOLAR ELECTRIC PANELS and System Components. 1st qual¬ 
ity for home or repeaters. Lowest prices in country. KA8DSS, 
RADIANT DISTRIBUTORS, 3900 Dursum, Ada, Ml 49301. (616) 
874 8899. 


WA9GFR RF SOFTWARE $15 00 disk contains 
HF/VHF/UHF/L-BAND propagation and Smith Chart impedance 
matching programs. Specify Commodore-64 or MS-DOS BASIC 
Lynn Gerig, 6417 Morgan RD, Monroeville, IN 46773. 


REMEMBER TROLLEY CARS? Trolley Treasures: The Wartime 
Years in New Jersey (1939-1947), a 4-volume photodocumentary 
history, includes 1600 unpublished, original photographs plus ex¬ 
tensive historical notes. Volume I, The Compromise Roof Cars of 
Public Service Coordinated Transport, ready now. SASE for de¬ 
tails. To order, contact Trolley Themes, A.W. Mankoff, 2237-3 
Woodside Lane, Sacramento, CA 95825. ($ 14.95 plus $1.50 S&H). 


UHFPARTS. GaAs Fets, MMICs, trimmers, chip caps, teflon pcb, 
and other builder parts. SASE brings list. MICROWAVE COMPO¬ 
NENTS, 11216 Cape Cod, Taylor, Ml 48180. 


$$$$$SUPER SAVINGS on electronic parts, components, sup¬ 
plies and computer accessories. Free 40-page catalog for SASE. 
Getonourmailinglist. BCD ELECTRO, PO Box830119, Richard¬ 
son, TX 75083 or call (214) 690-1102. 


SHOW IT IN STYLE Full color QSL's by Smith Printing. From your 
prints/slides. Sample packet. SASE. 20420 Calhaven Drive, 
Saugus, CA 91350 (805) 251-7211. 


WANTED: For Drake 4C the noise blanker4NB (dead or alive). H. 
Schroefer, Dorfstr. 14, 3131 Gollau/Luechow, West Germany. 


ANTIQUE RADIOS, 

-schematics, tubes and literature. Send SASE to 

VRS (HR), 376 Cilley Rd, Manchester, NH 03103 for large list. 


HAM MONITOR SCOPE Millen 90932 $85, audio signal generator 
HP200-CD$125, Precision E 200-C AM/FM signal generator $45, 
Yaesu FRG-7 general coverage receiver $125, Johnson phone 
patch $25, trade for TR-9000. K6KZT, 2255 Alexander, Los Osos, 
CA 93402 


YAESU OWNERS: Hundreds of modifications and improvements 
for your rig. Select the best from fourteen years of genuine top- 
rated Fox-Tango Newsletters by using our new 32-page Cumula¬ 
tive Index. Only $5 postpaid (cash or check) with $4 Rebate Cer¬ 
tificate creditable toward Newsletter purchases. Includes famous 
Fox-Tango Filter and Accessories Lists. Milt Lowens, N4ML 
(Editor). Box 15944, W. Palm Beach, FL33416. Telephone (305) 
683 9587. 


RTTY JOURNAL— Now in our 35th year. Join the circle of RTTY 
friends from all over the world. Year's subscription to RTTY 
JOURNAL, $10.00, foreign $15.00. Send to: RTTY JOURNAL, 
9085 La Casita Ave., Fountain Valley, CA 92708. 


IMRA International Mission Radio Association helps missionaries. 
Equipment loaned. Weekday net, 14.280 MHz, 2-3 PM Eastern. 
Eight hundred Amateurs in 40 countries. Brother Frey, 1 Pryer 
Manor Road, Larchmont. New York 10538. 


RUBBER STAMPS: 3 lines $4.50 PPD. Send check or MO to G.L. 
Pierce, 5521 BirkdaleWay, San Diego, CA92117. SASE brings in¬ 
formation. 


ELECTRON TUBES: Receiving, transmitting, microwave... all 
types available. Large stock. Next day delivery, most cases. DAILY 
ELECTRONICS, PO Box 5029, Compton, CA 90224 (2131 
774 1255. 


CUSTOM MADE EMBROIDERED PATCHES. Any size, shape, 
colors. Five patch minimum. Free sample, prices and ordering in¬ 
formation. HEIN SPECIALTIES, Inc., Dept 301, 4202 N. Drake, 
Chicago, IL 60618. 


RECONDITIONED TEST EQUIPMENT $1.25 for catalog. 
Walter, 2697 Nickel, San Pablo, CA 94806. 


COMING EVENTS 

Activities — ‘‘Places to go.. 

SPECIAL REQUEST TO ALL AMATEUR RADIO PUBLICITY 
COORDINATORS: Please indicate in your announcements 
whether or not your Hamfest location, classes, exams, meetings, 
flea markets, etc., are wheelchair accessible. This information 
would be greatly appreciated by our brother/sister hams with limit¬ 
ed physical ability. 


MICHIGAN: April 5. The South Eastern Michigan Amateur Radio 
Association's 29th annual Hamfest Swap and Shop, 8 AM to 3 PM, 
Grosse Pointe North High School, 707 Vernier Road, Gross Pointe 
Woods. ARRL, DX and Packet forums. Tickets $1.00 advance; 
$3.00 at the door. Tables $8.00 advance; $10.00 at the door. Talk 
in on SEMAR A repeater 147.70/10 and 146.52 simplex. For infor¬ 
mation: SEMARA Hamfest, PO Box 646, St. Clair Shores, Mi 
48080 or phone Fred Lweis, NK8M (313) 881-0187. 


MINNESOTA: Apri(4.10th annual Rochester Area Hamfest spon¬ 
sored by the Rochester ARC, John Adams Junior High School, 
1525 NW 31st Street, Rochester. Doors open 8:30 AM. Large flea 
market, speakers, programs, refreshments and plenty of free park 
ing. Talk in on 146.22/ 82. W0MXW. For fu rther information con¬ 
tact: RARCc/oWBOYEE, 2253 Nordic Ct. NW, Rochester, MN 
55901. 


NEW JERSEY area Chaverim, an organization of Jewish Ama¬ 
teur radio operators completing its 4th successful year, invites all 
hams and those interested in Amateur Radio to join, particularly 
those in Monmouth and Ocean counties of NJ. We meet the first 
Sunday of the month in the Jewish Community Center, Grant 
Avenue, Deal. Write POB 192, West Long Branch, NJ 07764. 


OHIO: April 24, 25, 26. DAYTON HAMVENTION. 


The Dayton Amataur Radio Association is now accepting 
applications for its 1987 Scholarship Program. Any licensed 
Amateur graduating from high school in 1987 is eligible to enter. 
For information and application forms write DARA Scholarship 
Committee, 317 Ernst Avenue, Dayton, Ohio 45405. 


OHIO: April 24. The 18th annual B*A # S*H* will be held on 
FRIDAY NIGHT of the Hamvention, at the Conference Center 
(Madison Room) of the HARA ARENA AND CONFERENCE 
CENTER, (the same location as the Hamvention) starting at 7:00 
PM. There is no admission charge, and free continuous entertain¬ 
ment. Hot dinner, sandwichs, snacksand beverages are available. 
Two exciting top awards, and many others. Stay right at HARA 
when the Hamvention closes on Friday evening and meet your 
friends and join us for an evening of fun and entertainment. Spon¬ 
sored by the Miami Valley FM Association, PO Box 263, Dayton, 
Ohio 45401 


OHIO: April 24. The Dayton-Cincinnati Chapter 9 of the QCWA 
announces the 1987 QCWA Banquet, Friday night of the Dayton 
Hamvention. Neil's Heritage House in Dayton. COD bar at 6:30; 
dinnerat7:30. Tickets $13.00each. Contact Bob Dingle, KA4LAU, 
657 Dell Ridge Drive, Dayton, Ohio45429. QCWA membership is 
not required to attend. 
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NEW JERSEY: May 9. The Cherryville Repeater Association's 
annual Hamfest, Hunterdon Central High School, Flemington. 8 
AM to 4 PM. Indoor tables plus tailgating. FCC exams, forums dis¬ 
plays and more. Talk in on 146.52, 147.975/.375. For further in¬ 
formation or reservations call Bill I nkrote, K2NJ (201) 788-4080 or 
Don Mazak, NR2H (2011 782-1114. 


COLORADO: June 20. The Grand Mesa Repeater Society will 
hold its8th annual Western Slope Amateur Radio and Computer 
Swapfest, 9 AM to 4 PM, National Guard Armory, 482-28 Road, 
Grand Junction. Free admission. Swap tables $5.00 each. Indoor 
swapfest, Amateur Radio exams, auction and refreshments. Talk 
in on 146.22/ .82 and 449.20. For tables or information SASE to Les 
Scott, NV0F, 2105 Yellowstone Rd, Grand Junction, CO81503or 
call (303) 242-5296. 


CALIFORNIA: May 1,2, and 3: The Fresno Amateur Radio Club 
will hold its 45th annual Hamfest, Fresno Airport Holiday Inn. Air 
conditioned dealer spaces and swap tables. FCC exams. Good pro¬ 
grams and parking. Demonstrations and forums. Talk in on 
146.34-94. For information: Glen T. Caine, Fresno ARC, PO Box 
783, Fresno, CA 93712 or (209) 292-4611. 


INDIANA: April 4. The4th annual Columbus Amateur Radio Club 
Swapfest, Bartholomew County Fairgrounds in Columbus. 8 AM 
to5PM. FCC testing. Advance setup Friday, April 3 with overnite 
security provided. Free parking. Talk in on 146.790and 444.950 
For information: Dave Mann, KA9UUP, 458N Country Club Rd, 
Columbus, IN 47201 (812) 342-6302 


NEW YORK: May 3. The Suffolk County Radio Club's indoor/out- 
door flea market, 8 AM to 2 PM, Republic Lodge No. 1987, 585 
Broadhollow Road, Rt. 110, Melville, LI. General admission $3.00. 
Spouse and kids under 12free. Indoortables$10. each. Outdoor 
spaces $7.00 each. Includes one free admission. Talk in on 
144.61/145.21 and 146.52 simplex. For information: Bill Sullivan, 
N2ETG (516) 689-9871 evenings. 


TENNESSEE: April 5. The Clarksville Amateur Transmitting 
Society is sponsoring their annual Swapfest. National Guard 
Armory, Hwy41A, Clarksville. Tables $5.00 each. Free admission. 
Talk in on 146.52 or 146.805-.600 or packet 145.03. For tables or 
information call WD4DBJ, Larry, (615) 232-6141. 

NEW JERSEY: May 3. TheTri-County Radio Association's annual 
Indoor Hamfest/Flea Market, Passaic Township Community 
Center, Stirling. 9 AM to 3 PM. Donations $3.00. Tables $8.00; 
w/power $10.00. Reserved tailgating. Refreshments. Talk in on 
147.855/.255,146.52 and 444.975/449.975. For information: Dick 
Franklin, W2EUF, POB 182, Westfield, NJ 07090. (201)232-5955. 


ARKANSAS: May 2. The Northwest Arkansas ARC will hold its 
7th annual Hamfest, Rogers Youth Center, 315 West Olive Street, 
Rogers. 8 AM to 4 PM. Doors open 6 AM for exhibitors. General 
admission and parking free. Nearby recreational areas and park 
ingfor RV'sand campers. Talk in on 16/76 or 03/63. For informa 
tion: Roy Midiren, AF5W, 20t4S. 16th Street, Rogers, AR 72756 
(501)636-6750. 

VIRGINIA: May 3. The Lynchburg ARC will hold its annual Swap¬ 
fest, Brookville High School grounds, Route 460 West, just out¬ 
side Lynchburg. Rain or shine. Starts 9 AM. Admission $1.00. 
Tailgaters pay general admission plus $2.00. VE exams beginning 
1 PM. Please pre-register. For more information write Lynchburg 
ARC, PO Box 4242, Lynchburg, VA 24502. 

OKLAHOMA: April 5. The Great Plains ARC'S 6th annual North¬ 
west Oklahoma Eyeball and Swapmeet, Mooreland, starting9 AM. 
Admission $2.00. Dealer and swap tables available at no charge. 
Covered dish dinner at noon. Local airport. VE tests Saturday, April 
4. Campsites available. Talk in on 147.72/12,146.13/73 and 146.52 
simplex. For information write Gerald Bowman, WG5Z,. Box 356 
Mooreland, OK 73852 or call (405) 994-5600. 


MINNESOTA: April 4. The 10th annual Rochester Area Hamfest, 
sponsored by the Rochester ARC, John Adams Junior High 
School, 1525NW31st Street, Rochester. Doors open 8:30 AM. 
Admission $2.50 advance, $3.00 at the door. Spouse and har¬ 
monics free admission. Tables $8.00. Selling space $4.00, bring 
own tables. License exams. Walk-ins only. Talk in on 146.22/82, 
W0MXW. For information and advance tickets: RARC c/o 
WBOYEE, 2253 Nordic Ct NW, Rochester, MN 55901. 


RHODE ISLAND: fjflay 16. The Rl Amateur FM Repeater Service 
will hold their annual Spring Flea Market and Auction, American 
Legion Fairmount Post 85, 870 River Street, Woonsocket. Flea 
market opens 9 AM and spaces are $5.00 each. Auction from noon 
to 5 PM. Free admission. Food and beverages available. Talk in on 
34/94 and 52simplex. For information: Rick Fairweather, K1KYI, 
Box 591, Harrisville, Rl 02830 or call (401) 56;8-0566, 7-9 PM. 


MASSACHUSETTS: April 25. The Montachusett AR A will hold 
a flea market, Knights of Columbus Hall, Electric Avenue. 9:30 to 
3 PM. Doors open 8 AM for sellers. Admission $1.00. Tables $8.00. 
Refreshments available. Talk inon 144.85/145.45and 52. For reser¬ 
vations send check payable to MAR A,c/o James Beauregard, 7 
Mountain Avenue, Fitchburg, MA 01420. 


SOUTH CAROLINA: May 2 and 3. The Blue Ridge Amateur Radio 
Society's 48th annual Greenville Hamfest and Electronic Flea 
Market, American Legion Fairgrounds, Greenville. Saturday 8 AM 
to 5 PM. Sunday 8 AM to 3 PM. Admission $3.50 advance and 
$5.00 at gate. Indoor/outdoor flea market, license exams, free 
parking, food. For tickets or information SASEto Blue Ridge ARA, 
PO Box 6751, Greenville, SC 29606. 


NEW HAMPSHIRE: May 9. New England's favorite —The Hoss- 
traders Spring Tailgate Swapfest, Deerfield Fairgrounds. Admis¬ 
sion $2.00 per person including sellers and commercial dealers. 
Friday night camping at nominal fee only after 4 PM. Profits bene¬ 
fit Shriners' Burns Hospital. Last year's gift over $13,500! For map, 
SASEto WA1IVB, RFD Box 57, West Baldwin, ME04091. 


PENNSYLVANIA: May 3. The Delaware County ARA is sponsor¬ 
ing their 8th annua I Hamfest, Drexel Hill Middle School, State Road 
and Penn Avenue, Drexel Hill. Doors open 8 AM. Setup7 AM. Ad¬ 
mission $3. Reserved indoor tables/elec, available for $3.00 per 
space. License exams. Refreshments available. Talk in on 
147.96/36,224.5 and 146.52. For registration and information write 


Hamfest, DCARA, PO Bkox 236, Springfield, PA 19064 or call 
Barbara, N3DLG 1215) 535-1616. 

ONTARIO: April 11. The6th annual Durham Region Flea Market 
sponsored by the South Pickering ARC. Pickering High School, 
Church Street N., Pickering Village, Ajax. Admission $3 00. Child- 
renunder 12 free. Tables $6.00 each plusadmission. For informa¬ 
tion, VE3DAX (416) 683-7562; VE3NBE (416) 839-9208; VE3JPP 
(416)282-3983. 


WEST VIRGINIA: April 5. Charleston WV Area Hamfest and Com¬ 
puter Show in Charleston Civic Center. 8 AM to 5 PM. Admission 
$4.00. Forums, SSTV, Packet, Flea Market and Swap Tables. 
Computer demos, ARRL booth. Talk in on 6.28/6.88. For infor¬ 
mation: Oilis Rinehart, KA8TIK, 1258 Ridge Drive, South 
Carleston, wV 25303. (304) 768-9534. 


WISCONSIN: May 2. The Ozaukee Radio Club will sponsor its8th 
annual Cedarburg Swapfest, Circle B Recreation Center, Highway 
60 and County I, Cedarburg. 8 Am to 1 PM, Admission $2.00 
advance, $3.00at the door. 4'tables $3.00each. Food and refresh¬ 
ments available. Fortickets, reservations or information SASEto 
1987 ORC Swapfest, 101 E. Clay Street, Saukville, Wl 53080 or 
phone (414) 284-3271. 


TEXAS: April 18. The Austin ARC's Spring Swapfest, Mancha- 
ca Fire Station on FM1626. Open 7 AM. Free admission and park¬ 
ing. Tables $2.00. Talk in on 146.18/.78. For info: Dave Harper, 
WD5N, 109W. 38, Austin, TX 78705. Tel (512)454 9205evenings. 


NEW JERSEY May 17. The Bergen County ARA is sponsoring its 
Spring Hamfest, Bergen Community College, 400 Paramus Road, 
Paramus. 8 to 4 PM Rain or shine. Buyers free. Sellers $5 per 
space, tailgate only, license exams. Talk in on 146.19/79and .520 
simplex. Forfurther information: Jim, KK2U (201) 445-2855,444 
Berkshire Rd, Ridgewood, NJ 07450. 


WISCONSIN: April 5. The Madison Area Repeater Association, 
(M.A.R.A.) is please to announce its 15th annual Madison Swap¬ 
fest, Dane County Exposition Center Forum Building, Madison. 
Doors open 7:30 AM f or flea market sellers and8AMforthe general 
public. An all-you-can-eat pancake bareakfast available at the 
Swapfest, Admission $2.50 advance and $3.00 at the door. Child¬ 
ren twelve and under admitted free. Flea market tables $5.00 
each/advance and $6.00/door plus admission. The deadline for 
tickets and table reservations is March 31,1987. Fortickets, tables 
orinformation write M.A.R.A., PO Box 3403, Madison, Wf 53704 
or call (608) 274-5153 day or night. 

OPERATING EVENTS 

“Things to do.. 

April 25. The Great River ARC of Dubuque, Iowa will operate 
N9GBY from 1600Z to 2300Z at the site of the annual Boy Scouts 
of America Grant Pilgrimage in Galena, Illinois. For a QSL card 
SASEto N9GBY, PO Box 141, Galena, IL61036. 


April 11 . The St. Charles ARC will operate WB0HSI from 1400Z 
to2200Z to celebrate its 15th anniversary near its original meeting 
site in St. Charles, MO. For certificates SASE to St. Charles ARC, 
PO Box 1429, St. Charles, MO 63302. 

April 10,11,12. The Lanierland ARC will oeprateW4IKR 1400Z 
to 2200Z each day. To honor the 50th anniversary of the comple¬ 
tion of the Applachian trail, the 2000 mile hiking trail from Springer 
Mt. in Georgia to Mt. Katahdin in Maine. For commemorative cer¬ 
tificate send QSL and 9x12 SASE (39 cents) to Lanierland ARC, 
PO Box 2182, Gainesville, GA 30503. 


THE FOUNDATION FOR AMATEUR RADIO, INC. plans to 
award 26 scholarships for academic year 1987 88 to assist licensed 
Radio Amateurs who plan to pursue a full-time course of studies 
beyond high school and are enrolled or have been accepted by an 
accredited university, college or technical school. For further in¬ 
formation write FAR Scholarships, 6903 Rhode Island Avenue, 
College Park, MD 20740 prior to May 31, 1987. 


ARMED FORCES DAY 1987 May 16 The 38th annual Armed 
Forces Day Comm unication Test. Traditional military-to- Amateur 
cross band operation and broadcast of the Secretary of Defense 
message are the featured highlights and include operations in CW, 
SSB and BTTY. 


CHARGE 

YOUR CLASSIFIED ADS 

^ to your 
Sr MC or VISA 
'write or call 

HAM RADIO MAGAZINE 

Greenville, NH 03048 
(603) 878-1441 


RF 

TRANSISTORS 



2-30 MHz 12V (* - 28V) 


P/N 


Rating 

Net Ea. 

Match Pr. 

MRF412./A 


80W 

$18.00 

$45.00 

MRF421 

Q 

100W 

22.50 

51.00 

MRF422* 


150W 

36.00 

82.00 

MRF426,/A 


25W 

16.00 

42.00 

MRF433 


12.5W 

12.00 

30.00 

MRF449./A 

Q 

30W 

12.50 

30.00 

MRF450.M 

0 

50W 

14.00 

31.00 

MRF453,/A 

Q 

60W 

15.00 

35.00 

MRF454,/A 

Q 

80W 

15.00 

34.00 

MRF455./A 

Q 

SOW 

12.00 

28.00 

MRF458 


SOW 

20.00 

46.00 

MRF475 


12W 

3.00 

9.00 

MRF476 


3W 

2.75 

8.00 

MRF477 


40W 

11.00 

25.00 

MRF479 


15W 

10.00 

23.00 

MRF465* 


15W 

6.00 

15.00 

MRF492 

Q 

90W 

16.75 

37.50 

SRF2072 

Q 

65W 

13.00 

30.00 

SRF3662 

Q 

now 

25.00 

54.00 

SRF3775 

Q 

75W 

14.00 

32.00 

SRF3795 

Q 

90W 

16.50 

37.00 

3800 

Q 

100W 

18.75 

41.00 

2SC2290 


eow 

19.75 

45.50 

2SC2879 

O 

100W 

25.00 

56.00 

Q = Selected High Gain Matched Quads Available 


VHF/UHF TRANSISTORS 



Rating 

MHz 

Nat Ea. 

Match Pr. 

MRF224 

40W 

136-174 

13.50 

32.00 

MRF237 

4W 

136-174 

3.00 

— 

MRF238 

30W 

138-174 

13.00 

30.00 

MRF239 

SOW 

136-174 

15.00 

35.00 

MRF240./A 

40W 

138-174 

18.00 

41.00 

MRF24S 

SOW 

136-174 

28.00 

65.00 

MRF247 

75W 

136-174 

27.00 

63.00 

MRF607 

1.75W 

138-174 

3.00 

— 

MRF641 

15W 

407-512 

22.00 

49.00 

MRF644 

25W 

407-512 

24.00 

54.00 

MRF646 

40W 

407-512 

26.50 

59.00 

MRF648 

eow 

407-512 

33.00 

69.00 

SD1441 

150W 

136-174 

74.50 

170.00 

SD1447 

100W 

136-174 

32.50 

78.00 

2N5591 

25W 

136-174 

13.50 

34.00 

2 N 6080 

4W 

138-174 

7.75 

— 

2N6O01 

15W 

136-174 

9.00 

— 

2 N6082 

25W 

138*174 

10.50 

— 

2N 6083 

30W 

136-174 

11.50 

24.00 

2N6084 

40W 

138-174 

13.00 

31.00 

MISC. TRANSISTORS S MODULES 


MRF134 

$18.00 

MRF497 

14.25 

MRF136 

21.00 

2N1522 

10.50 

MRF136Y 

70.00 

2N38B6 

1.25 

MRF137 

24.00 

2 N4048 

10.50 

MRF138 

35.00 

2N4427 

1.25 

MRF140 

89.50 

2N5590 

10.00 

MRF148 

35.00 

2N5642 

13.75 

MRF150 

89.50 

2N5843 

15.00 

MRF172 

62.00 

2N5046 

18.00 

MRF174 

80.00 

2N5945 

10.00 

MRF206 

11.50 

2N5946 

13.00 

MRF212 

16.00 

2SC2097 

29.50 

MRF221 

10.00 

2SC2237 

13.50 

MRF260 


7.00 

2SC1966 

3.00 

MRF261 


9.00 

S10-12 

13.50 

MRF262 


9.00 

SAV6 

34.50 

MRF284 

13.00 

SAV7 

34.50 

MRF406 

14.50 

SC1019 

59.90 

MRF420 

55.00 

SC1027 

47.50 

NE41137 


3.50 

M57737 

47.50 


Selected, matched finale for Icom, Atlas, Yaesu, KLM, 
Kenwood, Cubic, TWC, etc. Technical assistance and 
cross-reference on CD, PT, SD, SRF and 2SC P/Na. 
Quantity parts users—-calf for quote 

WE SHIP SAME DAY - C.0.D./VISA/MC 

Minimum Order—Twenty Dollars 

(619) 744-0728 

FAX: (619) 744-1943 




RF PARTS 

1320 16 Grand Avenue 
San Marcos. CA 92069 
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to the world s most- 
advanced antenna system! 

WITH NOT A SINGLE 
WATT WASTED IN LOSSY 
TRAPS! (There aren’t any!) 

Hams in over 50 DXCC count¬ 
ries have done so already! 



The 0J2UT-Muitiband-Systems 
offer: 

- Maximum gain plus F/B 
ratio with low VSWR across 
each band 

- 2 kW CW output power 

- 10/15/20/(30) 40-meter 
bands with up to 7 band 
coverage inci. WARC bands 
with self-supporting 
“TWIN-BOOM" and boom- 
legths from 8 to 20 ft 

- Air-core teflon dielectric coax- 
balun and stainless-steel 
hardware at no extra cost 

- traditional Blackforest crafts¬ 
manship 

The DJ2UT-MULTIBANDERS 
provide the superior full-size 
monoband-beam performance 
required during the present 
sunspot minimum. 

For further information contact: 



H.J. Theiler Corp. 

P.O. Box 5369 
Spartanburg, SC 29304 
(803) 576-5566 
or our distributor in Canada: 
Dollard's Radio West 
P.O. Box 58236 
762 S.W. Marine Drive 
Vancouver, B.C. V6P 6E3 

Selected dealerships available. 


ADVERTISER'S INDEX AND READER SERVICE NUMBERS 

Listed below are the page number and reader service number for each company advertising in this issue To get more 
information on their advertised products, use the bind in card found elsewhere in this issue, select the correct reader 
service number from either the ad or this listing, check off the numbers, fill in your name and address, affix a postage 
stamp and return to us. We will promptly forward your request to the advertiser and your requested information 
should arrive shortly If the card is missing, send all the pertinent information on a separate sheet of paper to: ham 
radio magazine, Attn: Reader Service. Greenville. NH 03048 
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April 24, 25, 26, 1987 

Early Reservation Information 


• Qeneral Chairman, Jim Simpson, WB8QZZ • Asst. General Chairman, Bill McNabb. WD8SAY 


Grand banquet tickets are limited, please 
place your reservations early. 

• Giant 3 day flea market • Exhibits 

• Door prizes • License exams 

• CW proficiency test 

Flea Market Tickets 

We increased Flea Market area by nearly 400 spaces 
this year and all were sold out by January 10. 

Special Awards 

nominations are requested for "Radio Amateur of the 
Year". "Special Achievement" and "Technical 
Achievement" awards. Contact; Awards chairman. Box 
44. Dayton, OH 45401. 

License Exam 

novice thru extra exams scheduled Saturday fit 
Sunday by appointment only. Send current FCC form 
610. copy of present license and check for $4.35 
(payable to ARRL/VEC) to: Exam Registration. 8830 
Windbluff Point, Dayton Oh 45459 

Slide Show 

35 mm slide/tape presentation about the 
HAMVEmion is available for loan. Contact Dick 
Miller 2853 La Cresta. Beavercreek. OH 45324 

Parking 

Free parking is available at Hara Arena. In addition, 
there will be free shuttle bus service from all major 
motels and designated parking lots. Parking and road 
information will be available on DARAs 146.34/.94 
repeater. 

Free Bus Service 

Free Bus Service will be provided between many 
Motels and Hara Arena. See the schedules at the 
motel registration desks. Avoid parking problems at 
the Arena by taking the HAMVEHTIOH buses. 


Campers fir Trailers 

Campers and Trailers may be parked at Montgomery 
County Joint Vocational School. A HAMVEHTIOH bus 
will provide transportation between the camper 
parking area and the Arena. Ho campers or travel 
trailers will be permitted to park in the Arena lot or 
Flea Market area 

Wheelchairs 

Wheelchairs will be available. Send S.A.S.E. for 
details to "Wheelchair" P.O. Box 44. Dayton, OH 
45401. 

Alternate Activities 

HAMVEHTIOH is for everyone. We have planned 
activities for the YL or your non-ham family 
members. 

Deadlines 

Award nominations: April 4 
Lodging: April 4 
License Exams: March 28 

Advance Registration and banquet: USA - April 1 1 

Canada - April 4 

Information 

Qeneral Information: (513) 433-7720 
or DARA Box 44 Dayton, OH 45401 
Flea Market Information: (513) 223-0923 
Lodging Information: (513) 223-261 2 
(Ho Reservations By Phone) 

This is the year for you to attend the internationally 
famous Dayton HAMVEHTIOH. Come with your 
friends to hear enlightening forums, see the latest 
equipment, and visit a flea market that has 
everything! Ho matter what you are looking for, you 
can find it in Dayton! 


HAMVEHTIOH is sponsored by the 
Dayton Amateur Radio Association Inc. 






Food for thought. 


Group A 


67 0 XZ 

91 5ZZ 

118 8 2B 

156 7 5A 

71 9 XA 

94 8 ZA 

123 0 3Z 

162 2 5B 

74 4 WA 

97 4 ZB 

127 3 3A 

167 9 6Z 

77.0 XB 

100 0 IZ 

131 8 3B 

173 8 6A 

79 7 SP 

103,5 IA 

I36.S4Z 

179 9 6B 

82 5 YZ 

107 2 1B 

141 3 4A 

186 2 7Z 

85 4 YA 

110.9 2Z 

146.2 4B 

192 8 7A 

88 5 YB 

II4 8 2A 

151 4 5Z 

203.5 Ml 


Our new Universal Tone Encoder lends its versatility 
to all tastes. The menu includes all CTCSS, as well 
as Burst Tones. Touch Tones, and Test Tones. No 
counter or test equipment required to set frequency 
just dial it in. While traveling, use it on your Amateur 
transceiver to access tone operated systems, or in 
your service van to check out your customers' re¬ 
peaters; also, as a piece of test equipment to modulate 
your Service Monitor or signal generator. It can even 
operate off an internal nine volt battery, and is available 
for one day delivery, backed by our one year warranty. 

• All tones in Group A and Group B are included. 

• Output level flat to within l.5db over entire range selected. 

• Separate level adjust pots and output connections for each 
tone Group. 

• Immune to RF 

• Powered by 6-30vdc. unregulated at 8 ma. 

• Low impedance, low distortion, adjustable sinewave 
output, 5v peak-to-pcak 

• Instant start-up. 

• OIT position for no tone output 

• Reverse polarity protection built-in. 


• Frequency accuracy, ± . I H/ maximum - 40°C to + 85“C 

• Frequencies to 250 Hz available on special order 

• Continuous tone 

Group B 


TEST TONES 

TOUCH TONES 

BURST TONES. 

MX) 

697 1209 

1600 1850 2150 2400 

1000 

770 1336 

1650 1900 2200 2450 

1500 

852 1477 

1700 1950 2250 2500 

2175 

941 1633 

1750 2000 2300 2550 

2805 


1800 2100 2350 


• Frequency accuracy, ± I Hz maximum - 40°C to + 85°C 

• Tone length approximately 300 ms. May be lengthened, 
shortened or eliminated by changing value of resistor 

Model TE-64 $79.95 

CSmS COMMUNICATIONS SPECIALISTS 

426 West Taft Avenue. Orange. California 92667 
(800) 854-0547/ California; (714) 998 3021 
















One of the most 

complex operating controls of our 
hi^i-performance mobiles. 


You don’t have to sacrifice per¬ 
formance to gain simplicity in 
your mobile operation. 

Yaesu’s 2-meter FT-211RH and 
440-MHz FT 711KH give you all 
the performance you look for in 
a sophisticated, microprocessor- 
controlled mobile. 

With controls that couldn’t 
be more straightforward and 
easy to learn. Which means no 


operating complexities to inter 
fere with your driving. 

In fact, if you own our hand¬ 
held FT-23R, you’ve already 
learned how to use our FT-211RH 
and FT THRU. Because all three 



radios are based on the very 
same technology. 

Tb begin with, you got an 
autodialer mie with 10 lithium 
backed memories, each capable 
of storing any key sequence 
up to 22 digits long. 

Plus you get: 45 watts 
output (35 watts on 440 
MHz). LCD readout. 10 
memories that store fre¬ 
quency, offset and PL tone. 

(7 memories can store odd 
splits.) Scan all memories or 
selected memories at 2 frequen 
cies per second. Band scan at 10 
frequencies per second. T\ offset 
storage. Priority channel scan. 


Timing via tuning knob, or up/ 
down buttons. PL tone Iniard 
(optional). PL display. 

Independent PL memory per 
channel. PL encode and decode. 
LCD power output and “S” meter 
display. Eight key control pad. 
Keypad lock. High/low power 
switch (low power: 5 watts VHE 
3 watts rill*'). 

What’s more, each radio is 
perfect for overhead mounting, 
•lust remove a few screws and 
flip the control panel 180.° 

Discover the 2-meter FT 
211RH and 440-MHz FT-711RH 
at your nearest Yaesu dealer 
today. If you can turn a knob 
and push a button, you’ll have 
high-performance mobile opera 
tion mastered. 





Yaesn USA 17210 Edwards Road, Cerritos. CA 90701 (213)404-2700. Repair Service: (213) 104-4884. Parts: ( 213) 404 4847 
Yaesu Cincinnati Service Center 9070 Gold Park Drive, Hamilton, OH 45011 (513) 374-3100. 
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KENWOOD 

. . .pacesetter in Amateur radio 


“DX-citing!” 

[ Compact high performance HF transceiver • Adjustable dial torque 

I Vj with general coverage receiver *,100 memory channels 

Frequency and mode may be stored in 

Kenwood's advanced digital know-how • Superior receiver dynamic range 10 groups ol 10 channels each. Split fre- 

brings Amateurs world-wide “big-rig” Kenwood DynaMix" high sensitivity direct quencies may be stored in 10 channels 

performance in a compact package. We mixing system ensures true 102 dB receiver tor repeater operation, 

call it “Digital DX-citement”—that special dynamic range.(500Hzbandwidthon20m) * TU-8 CTCSS unit (optional) 

feeling you get every time you turn the • 100 1 duty cycle transmitter Subtone is memorized whenTU 8 is installed, 

power on! Super efficient cooling permits continuous • Superb interference reduction 

• Covers All Amateur bands key-down for periods exceeding one hour. IF shift, tuneable notch filter, noise blanker, 

General coverage receiver tunes from RF input power is rated at 200 W PEP on all-mode squelch, RF attenuator, RIT/XIT, 

100 kHz-30 MHz. Easily modified tor SSB. 200 W DC on CW, AFSK, FM, and 110 and optional filters fight QRM. 

HF MARS operation. W DC AM. (The PS-50 power supply is • MC-43S UP/DOWN mic. included 





• Direct keyboard entry of frequency 

• All modes built-in 
USB. LSB. CW. AM. FM, 
and AFSK. Mode 
selection is verified in 
Morse Code. 

• Built-in automatic 
antenna tuner 
(optional) 

Covers 80-10 meters. 

• VS-1 voice synthe¬ 
sizer (optional) 


needed lor continuous duty.) 


• AMTOR compatible 


• Computer interface port 

• 5 IF filter functions 

• Dual SSB IF filtering 
A built-in SSB filter is 
standard. When an 
optional SSB filter 
(YK-88S or YK-88SN) is 
installed, dual littering 
is provided. 

• VOX, full or semi 
break-in CW 



SOL-®-NOTCH 


MODE/KEY 


RIT/XIT-®- IF SHIFT AF -®- RF 


— 1MHZ F.LOCK PROC NOTCH (Sr 


SELECTIVITY 


VOICE NB ATT 


ALC PWRSWA 

• SEND AUTO ATTUNE 

■ ■■ 

a R£C THRU OFF 


LSB r USB CW AM FI 


M * V SCAN 


CLEAR 


VFO M 


Oil 


Optional accessories: 

• AT-440 internal auto, antenna tuner (80 m-10 m) 

• AT 250 external auto, tuner (160 m-10 m) 

• AT-130 compact mobile antenna tuner (160 m 
10 mi • IF-232C/IC-10 level translator and modem 
1C kit • PS-50 heavy duty power supply • PS-430/ 
PS-30 DC power supply • SP-430 external 
speaker • MB-430 mobile mounting bracket 

• YK-88C/88CN 500 Hz/270 Hz CW litters • YK-88S/ 
88SN 2.4 kHz/1.8 kHz SSB filters • MC 60A/80/85 
desk microphones • MC 55 (8P) mobile micro¬ 
phone • HS-5/6/7 headphones • SP-40/50B 
mobile speakers • MA-5/VP-1 HF 5 band mobile 
helical antenna and bumper mount • TL-922A 


Kenwood takes you 
from HF to OSCAR! 


KENWOOD 




RIT 

A/B 

XIT 

SPLIT 

T-F 

SET 

A«B 


2 kw PEP linear amplifier • SM 220 station monitor 
• VS-1 voice synthesizer • SW-100A/200A/2000 


Complete service manuals are available tor all 
Ino Kenwood transceivers and most accessories 


TRIO-KENWOOD COMMUNICATIONS 

lilt West Walnut Street 


SWR/power meters • TU-8 CTCSS tone unit Specifications ana puces are subject to change without Compton. California 90220 


• PG 2S exlra DC cable 


nonce or obligation 






























